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I*RI I A( I 

In ilil \ii|iiii'i l< > ii'iii i1i< II uliiili II I- 

ll■•|•lll Mill III liillllil II • till li> llif I |••l'llll•■ I llllllH IKII ill' 

Ifll III • llljiliix l^••l|l| • It III ltl< lll\ I I ll'llll lll.lIK 

III I In M ' II lull- I llllh 

\\ kIi'Iv iiitii|i till, > 11 'll I l••llllll i! Iiiiiiiiin 

■III MMMN Ini' iinl mil il • in I uliitli in u||i \v,i\ 

ui iMullii I III < I mil n I II •! ll•l|l••• I ii'i I iiii< uiil' III I III I III 'll —11111.11 

I In iiii'l tin |i|i\ |t 1 I i>i lln iiiiiDin iii\ i 'hi' itui ImiI iI-u In 

ll|i III iiiiii II Inn 1 lln iii'iinii iin iiilniit iI-HhIiiiI lln iinlii-lii.il 

II 'I mil muiKiI ilnl lln II I I III I iinilul i il lu liiihv iliiuML' 

ilii'i il .mII ■ll•nl•lll' Ih i • u|im lilt in I tuliiM lln \ ii imii' l.n t" 

I >1 lln lull I nil I ml I I iM I li I In Ml In i n.'lil 1 1 > ■ I In t i ml in nli n .n|il\ 

III! 'ilili III I Ill'll ,|>!||I.|| mil I lln I'll IniM |||| I'lli*! 

II ill liiiiiuiiiiil, 'iiliiliin II II nl 'I iiiuni!' ml lu In m 

I <1 \ ui h II lull il |iii> |M I II Ti I III II I III ii'i I III i| I V imln 1 1 i.il 

• |i uln I I III I \i II III III I imii • r>nl In ill it i it m \\ lln ini|Mii 

I Hill III ill ullul lu Ml Hint II lull I iHliliiillili i| Hill III \ Il M u| 

till' ill! i|ni-tiun ut iinln-liiil il uli. I mil it i|i|ilii itiun Imlli 
Inn Hill ili>u.nl hi' In • n ih ill 'iih i' unn liii.;ili \ ■ li.i|iti i 

nil iiiilli\l ill iiliul III- III • Il nil llllh il 'in ■ till |iiui|inl i i lu i |\ 
,i"ui I III il \Mth uiiliii II \ .lit • thill III II • hi.it 1 1 |ii n In I 

\ ijiii'iiuii mIhiIi nil II ml lit iittiiiin |in>iiiim III in tin m ii 
liMiin I till n I u| ill iihul i.> 1 |iii I III II. Il Ml il • uiiiliii t|uii I ii'jMii ' 

\m il In I I' 1 1n ||| I i|in i i> ||| ■ ■! '\ nl hi I n i h i hul i |t In I I luln i ih Illli' 

i.iiliiili III liiiiii lln I tin II in jin in' in > u| ■ f'.iii i 'nuiiii^ 

I iiM'iih I it lull II I ' hi I II jmii lu I'll III lhi|ilii' II 

.iiiil l\ 

lln Hithui ' I unli il ill iiih III i|iii III > In ( .iix I Minn III t In Mn'>l 
^n I I huhlin I r, till |M I nn 'lull tu II • \ iMiin- il it.i uhl.Hin >1 



VIII 


i: 


III t^l< liitv* riiiiH III l..ilHti.it'ii\ iiihI til till ('iiiih<illii (i| II M 
M<iliiiiiiiv I Mill I .1' ll'l•lll|N till alinlinl l.ilili III ('li.i|itii \ II 

.mil mill ii lit ilif III III Mill iiliti-i (I 111 • iiiii|iiliiiK r)i.i|i(i I Ml Fill 

Mill kr III lilii li ilitiii' III Minin', il'ii III ill. ink ^|l'"•l■« Fl'imI ■iikI 
(il.lllL'i t"ilM Mi'^l' Ul.lll I ' llll|il|i II .ilul Ml 1.1,111 (il.is^iiiW , 
Mi'i'.i" I III III l.iiii i'■•lllllll^ I'll l)iili\ .Mill tin Filiiiii Ilf tin 

■J'unnhl^'if tfh^ lii'^hhih ni I'l... J '• 

III Ilf IM|m 



CON I KN TS 

riufii B I 

I I- I 

lMi;ii|ti< lnl{^ I 

Minlul riv •itH'ii 'll I I iilv ! l ll||l|l■»•■(|l||| ■>! . 

illinllnl l.lviil II. Ulillv I N\I||||| I- Illiolml 1(1 

hi Mill iil.(tiiiii I irlv xiiU' II l‘.i li wi 'I II <1 ,iii III II 
Mill Inn I I \|ii mill ii'‘ Iti 


riiM'ii.K II 

OllllM ()l Mil lM{((|il I llliN III VllllIKlI IT 

I Wat* nnls nitfiUuifl I*' 

Mill ml- > oiiMiiiiiil' '* in Ii |s M.iIiiiiI < lllll•llllnlp, lUiii -*>1 
I'illll ll'ill 11- 1111111 III lllinliol \|iii|l<>i llolll \MHh| LM 

'• lilllilH ill Iilli I ll >111 I ill llllll I III I'lili III l••l\!lll• .'(> 

II //.< litiH fit nntnl \ifnils LhiiiiU'> Mali ) nist Jll 


lii/xiin- jMi'ial |•l<•|'l nil - J(' I 111 III 'iiiixliii .’H (\i.ii 
''■ni.l-i Mllll.l I /mIIiI'I ll Mll.i I I ll/\ Mil (I II 

M.ilt Cl Miiliiiif', ll III <'liiiii)ii wliii ll 111 ’ III iliiiiii^' ,.>1 iiiiiiiiiiKiii 
III liiirli I IT I li.ii-liil ii |iiiHi I I'l iiiiill II 'Milnlili' -liiiili 1J 
l\li.ii| \ iliii I'l II ill II I >■ ll I iiii'i iiiiiii III 1 III ll III ilislilli n 
iii.iti iiiii-, r* 

^l I r I'l ( limMlii iiiimi III \i i'( lii I'liii \* i-i ll•■lll ii 'IU h'I' ''Hi I*^ 

I Mii,|iii.|||ii|i III VI ,|.t TI lii/\iiii i.i'iii ll I'l iiiiiiin III 

II ll I i/\ mini. 'I'l MniiliC I Jl\ pill- iiiM • ii /i ' iiiix' I ll ij •<' 

III f •iHlfisiii/l uf Shttifi iiihI inhi Htuhttl 

mill I'lrini fihitiiin ^ ‘i 

M.i'liini,' 'iT .'Sill I liiiiilii ilnui •'( Iihuii..' iMih' 'it (|iiiii|i(K 

•liiniii.' -.w I Imiilii iijmii 'rl .^lV i li>iiilii .tlinfi i tn li I'X ii' nl ii» 

Wiiii ti-iirii siip:ui I •■Kliii’iiiii.’ niiiii imI Ii'i 

I I Hill iiliiliiili, 7(1 (liiiiiii.il 1 liiiii;.'i ' ■l•ll■ll, |i mil iit.ili'iii TJ KhIo 
> i| |i iriii'iitiitiiiii 7(i ^ i< III III III' iilii I 77 \ili ii'iiiH'iii ' Ml III. 

77 ^rllvlll piii.li'.> 7'l I V i| Inn '• mil I ii/v iiii - *xJ 

U 



roXTENTM 


(‘iivrrKi: II r„Ni 


l\ Ihstitlnlmn uml litrtiJnalifiH s;{ 

I'll! si iIIm, S * I', ill III '.lllls, M7 Hi I (ihi illlfill 'Nl 

\ f 'nui'u ^inn Ilf f 't Ituhisn Suhslam I s itiftt Ihnlml HO 

MihIikI llnlii UiiinI 'III Ml ••lliil III III Sl|||itll|i Ull'.li lllilim 'IT 

\’l SifiifJt/tn Ihuhtil jmni \ttfifliin anil f 'nh imn ( 'tiihuh 'll» 

<'iiii\i‘' iimi III nil ur III mill I lll\ li III III illiii IimIi* 'I'I Iihi Hi iIih linn 
III lillli ll\ lli In nil Ii)iiil IM 0* 

\ll Sliittis}ii s ami l//iif//rt//#i>«s A'»/i s |u_’ 

iSpiiils i|i‘lilliil III ihi* ( mil il Kiii'.'ilniii, lot Him inn- lnnii sjiiiils 
Hl'i \llllilill 1111111111111111 III Illinliiil li\ I III! I l•ll||||||l« lllli 


Ml nlinl Iiiiliisli \ II•IS|||MIIIIV HiT Ml •illnl llniii .||l|i|lili IliiUnl 

III 

riiMTKi; Ml 

'I'liii (ii.M I! \i Cm Mi'sii:\ ui nil. VitniiDi'' li:i 

('III Slliui'lnll III illi nlinH |||Ii||ii||mImi iIiIimIiH ill II' |I> |ll llliill \ 

HI ninhli \ mill hilliu\. Ill l*'n|llllll.llin|| III Isniin I |S||| III 

till' nil nlinl I I '| (iiiHlill Ihillinils n| |i|i iMiill |nn I I It ( n|| 

Xll'inll III plllii.iiv iiImiIiiiI Mil Uiil.llX .lllil lilllill\ IJ.' 

I )!•' I Mil linn III pil|ll<ll\ '• I nllilill \ iIIIiM'MMIN .ill >i||ii|. Ilnin i III 
minllni I J ' I n in i •! pmpi ilu « |_M 

CIIMTKI: l\ 

Ml. HIM VlMllini 11" CuDIMMION \M> l'i{orM:iii" IJIi 

H(< Mill Ini' III iiiiliiii IJli I'inilin Imii IJli Hi i liln a'inn I tl 

l'inpiilii-> M_' Iliii-'ilN I ilili''. lit II I II t linl\ 'i- It" 
('•iIiiIMIi ill < niiipn limn I t'l liiliMii il ii|iplii .il n n- It'* Wiiil 
niiplillii I |n l.isii 1 lull II II I nl Mil lli\ I nil nlinl I m 

CHMTKK \ 

I'iiiiM \i(i)ii(ii 11" Hmiihcimi \Nn l’ii\"i( M l*i:o 

niHii" 1 

( t| riM ll'in I nl .ll•n||l•| III ll.lllll ll pinilllils, I I I'lnpilllis nl llll\l 
■lll'lillnl IlnllMm pnIMl III \ .ip'iMI pH 'Mill' III ^pl i lln 
*i;rii\il\ I III 'rill mini I xp.in-inn uni s|h>i iin ^in\il\ nl iii|iii nii« 
-nlllllniis I III HillinliiiM I I'.l lli'illli 1 niiilili IlMl \ , I '■ I 

llli’i IlnKsIs I'll OtIli I I'lil nil fl.llll. I .'"n|lllillll\ III \Mlti I I')! 
\|s<ns||\ |,T| V/I>iil|iipii |I||\IU|«'< I ‘iti Ml nlinl ils siiIm III I 'iS 

I'liutiiHsii. lull (KMliiiinii W*n l''ll•l tmlMn n\nliilinii Hi.' 

('Iilniiniiliuii Ml-' l''i\iiiiiiii nl Mllln■•|'|| li^ all nlinl |ii( Cntiililii 
• Il'CilMIpiisltlnn hi.l ClIluK III ill luilinllnM Hi'l \lisnhlU' ilN nlml 

irM H 'I'I III! ll spun, lli> 



n)NTK\IN 


\i 


('KAn'KIl M 

'I'lii. \n\mii(\i oi Mliiim \\ii Knim 

An oiioi 

I |l•lllll loll Kl llll .llll•ll••U llolll oltlil llli-illiif ITlI II ( O.I 
■ « iiiiiitiiii: till llll••l|l>l IT_' III, llll iiiitii iiiinii i-i llll ili\ l^iili iilml 

lit I^J l\ I li ii 1 nun ii mil III niii|i\l ilinlml in [-ii^nii ol 

^l^\l ilinliol I S_* I'IS I Ii liiL' ' - nil llloil iiiiiilllliil Is I lliniiii 

iMil 1 1 iilini''i N niilliiiil |ss Kii Ih mill l(>iiiU ■■ im llioil al'l* 

• ii'iM ixinii inlo liiiiii ili\ Unl|>liiiii II M I ill I'll *r>iiiii* ill III 
iiiillmil |M| I'l llll•nl_.lll III I'l 11' I'll mini I'uiiri >.-1 ■■ I'lT 

\ Mii|i\l iliii|i.l Hill li I III il li|^\ il ^li '• I nun ilioii nl I'IS 

I -llnl•llll•|| III till till III III lioiK ii^in Mill III till III I'l'l 
\l Ml III iln III mil it itli\l l^l•ll••l .'lio \|| I Miminiil mil ol 

• oiiiiiii II i,il ilioliiil 'll I \lll I )i li I nini.it nan >1 l'll^l iiliolml 

liV 'I ■ I I il |i|oi I K'l _*||M I'liv I. i| nn I lioiU .Ml y xl nil It mil nl 
llilll'' 'll \V III I PI .llll•|,ol Jl't I|||\| ,llio||ii| III |lll'l|lll oi 

inilli\l J.'l I h '■ I nini ilioii m .|l|•■■|■l| ni • liioinioi ni JJ I in 
I ■ to||i JJ • III I till I J.'n I ^iiiipilnn ol III n/i III in .ili oliol 
'J'l iinl ol .iliiiliil .M llll |iii I III ol |i||i not .Ml Viilnin 
ill o||i I iml III ii/i III III III M ’ 


I' llll • 

170 


mi 


\n oiMii oMi I in 

''|tiii(ii .ii\ii\ iinllioil J J ; 1 1 min I il nil loiniimn .Mi Minimi 

'iniilii . 1 . 1 . Ml t llll ' S7 Mr iilili^loini II I limn 'iMi|i'iit 

Inn* ‘‘iS Jiili ll\iliiiii li. .'iij rioiii '|iiMl Jill iSiki s s 

III ilioiiii h I .iiiil I ilili Nil JTJ Ml oli.iliiiiii 1 1 \ III |nMi;:n 
• oiniliii' '7J S|iiiii III! !• I *71 \lio|io| I nil iilnimii' JTu 

IIIIIIONIIII Iiiiip Jsii 1*1 h II |i llll llll I>.|inii'mn nl niilliil 
nlio||..| JsJ I’l ii.ii II nil li 1 l.ilili ioi 1 1 III I ainl nn I 111 I nil nlml' 

Js| JsT 'oi III 'In 1 ill • In !> Js7 liihnlixi imli \ inniri'inii 
o| I ill 1 pImij i> .'ss 

Mixni'i: Mil 

Im» 1’'II{IM \n (MUM 2K!I 

I ///»///«■// M// \ltiilinl I It llll I mini him/tlotn 2S!I 

ill Mill' i.ili-i il nnllninliil ••iiiiii ."il ln■lll•«llllll iin I In IhIimI 

-I'li'l JT. ( Il S|.iii.ilJv i|. ,.,(ni.i| .i|..,|,o| J'»T iM Mif.linl 

Mill ilfiininn il |ii| Iniin.iinif -|iiiil {O' \\ ooi| i,ii|ilil hn '|M| 

Mini ml n i|i|il|i.i IIJ * 

II ilitlm^in I mi iiffi f'nimti II \ r||4 

\nsiiiri lliiiii.Mii ll'i |{i|_i|iiin ll'i I i iin i tlli i.iimuin 117, 
Moll.iinl IJii MnU IJi» N'liwm 1_M |*oi mi).' il IJI |{n•'•lll, 

IJI .S|iniri IJJ >111 ill II JJ I N\iii/i iliwul J.M I nihil 

"111!' IJ4 



XII 


flj-NTKVrS 


CHAn’KR Vfir void 

• • pi'ii: 

in TrrkHirnl .tfifil If ntioHM of I HthiMtnal \lfohfii .‘120 

(Tih' of nil iiliol fill liiiiiiini:. i-li . ‘IJii I si- ih sii]\«-iiI. .iJli Al< uliul hs 
iiiH iiiilIi-iiiiI, 1J7 Mtiiiiiliii Inn nlilliii {JS Viiiii-hi-s (il o|||i-r, 

‘<:il Miiiiiiliw Inn III illi\l ililniiili. I’il , III iiii'llnl chliiiiilf, 

*t3‘J . Ill Miniriinli , iJ , nl i-lli\ I l••llll|l■, ill I ni i lilniiil. 'i'l.'i 
ijf rliliinilniiii, '! IS . ill iiii-iiiiiliiiiii. Ill, iiinl III |iii|ii|iiiiii |4I 

Klli\l iiii-lKh, 'III, ilh\l III I liiiiK Inti 11*1 . illiil liiiiiijili-, IIS. 

iiir-thvi tiiiiiii^li^ 11*1 , • ili\l liiilMiili-, :ii'i In ii/iiiili-, li'iil , iiii-llixl 

lll■ll/l•llll', .'rill , s,i|ii \ |,tli . 1111, I lli\ 1 iiitiiti I.IO iilliiili', 111, 

ll||■lll\l liMlniyi'ii Mil|i|^iif.-, Ili , iliMiillivI siil|iliiili‘, 111, Mini 
livilmi'i II ijiliili.ih , ,*ri,i . iiiH^ili* llnl '>ii||iii<iii>, llii I'llnliMii 
I ii|iliin. .117 i'i< |iiiiaiiiiii III 1 >li Is In I iiijil\si Ils llilnlnii. 

.nil S\iilliMti-iliiiL'*iiii<Miii< I In iiiMiil- liii> Ml n iii\ liiliiiiiiiiti , 

.III! I)\i-slull cull iiin-iliiili- |ln•lllll ts 1111111111111 lli\ liiiiiliin-, Hil. 
<iiiiiM|i\|iiiiiliiii-, ‘Uil t llnlatiiliin . Htl , tin tin laiiiliin', liiti . 

i>tln llicii/^ laiiiliiii-. Mill hniiiiiilili ln<l> . Ii'ti \i 1 i.ilili Inili liis 
I'riiililMinii III \iiii:'iii fmiii lllf•l|l•■l. ih'i 

rilVI'TKIt 1\ 


AIiCiiikMi vs Sdi lit'i.di' I.K.iM Ml VI VMi Mdiivi. IVmi \i ;{72 

\ImiIiiiI as illiiniiiiaiii. 17-' ii^ Iml. 171 Snlniilii-il siniil, IT I 
Vli'iilml as iiiiilni |iiiuii, 171 Vltulinl anil aiiiiciiltuii Isj 

railiiin-lli il iiImiIiiiI, |SI t'llmiln miIih-, |sl (linss anil 

iii-l laliH', Isii riiiiiiiMl milts, *|s7 ( iiliiiitii \iiliii lit 

till tin lull'll s|Miii |^7 III I III l-iiii III i| nil nlml Ish 


(’MMTKK \ 

Till'. Miiiiii.it Miimdi (Mil I s III \](oiii)i Ki sii (III 

J'lil|nl nil illmls, 1*10 lilll\l llliiilinl- l*l| \linl uli nlinls, I'l'l 
Kii-u 1 ml, 'l'l.l ^\lllllMll iii>i I ml 1*17 t iirn|)iisiii(iii nl iiisi I -iil 
'IDN K.\aliiiiliiiii nl liisi I ml |IHI I'si iin.ii imi n| nl |i_v | ,ili ll||••l in 

liiM'l ml, fill 

cMvrri'iM \i 

Si'ium «u .s Hi m kvi.i n 1im» 

I. Thf t'hmniiil H iiiiiniHilmn itj l*nltihli N/hh/n 4(MJ 

.Vlin 1 >NI«l, 407 M\lllllllllllinil nl lln ilislillati- lll'l Vnl.illli mill, lll'l 

KmIi'ih, Mill Viiiliiiiil lO'l Milrlmli's IlM I'lir 1 slim uinii nl 

hlKliiT ak'nlinlM III spiiiis 1 10 Xlli'ii Miiii|iiiinll iin lliml. III 
KiH'kiiiiiiin'H im-lhml II J. Viii\t<iiiiiii>nl l.iilimiiim\ im-llinil, III 
lliniiil iiikI ('uiiiass.-s ihiilinil, ll.l 'lln* Knsi- piyuss |I7 
|llllll\ s IIII-IIiinI, 117 lirili'l.ll I< llllllks Ijll ■ 

II. liiaiifhf . 42:1 

• Untisli liriiiul>, I.M, ITaii lU* \ ii*. I-'I. V'nyniu. 4 .' I. 111.111 IniiinM. 

424 .\iiiil\siw lit % Hill iiH III aiulii-s 4J(i 



(X).\TKN*IN 


xiii 


CHArrKIlXI rmi 

t l>«Uh 

ill f.'iK . . 42K 

('liiiiiu (if, IJ'i .MiihriiiN, 1 to f.'io 

IN’, ihnn ^ . i;n 

r^pc'. Ill .liiiiiiiii <1 mill IIJ |>i nil i.iiji mill III \iiiil\si'«, 4.'ll, 
liiiitiiliiin iiiiii. I III , 

• • 

Mi-iiiii, H*i MiUimi.iI" llii I ii'>till>iiiiiiP III Miiiiiiiii^, III 
|(|l■llllln^ 111 ( liissihi 4l'l•■ll 11 ( iii)<<liliii‘iits, 4 1 f Viial^\ Hi"4. 

Il'i l.'il I lump > III i«lii-k\ iliiiiiiL' ■•liii^l.'i' l.'i'.* 

m 

VI l.hfufui'i, and i'tunimumhti Spittts . •, 4"i4 

Lii|(ii'iii> aiiil I nnliiil I'll \iiiil\x « I*i7 ri>iiipi)mi(li‘il opiiiM, Hill 
Hull'll cniiipKiiiul''. Iiiii l''iiiiiiii lilt) il -piiii't. Hill Siii>(>|i>iii‘il 
•>|iiiii', |ii<t Liipiiiiis liiO rim till) «• lO'i Il'siMK I'M, 4iil 

l'''•lllll.Ull•ll <«i t >'«« nihil ••lU III III.* 

Ml /yid . MKi 

I IK ml I hill i< Il !<« till nii|.iniil t.ii>vil\ L’l III ml « niii.iilrriiliiiiH, tliri 
Ml II iimimiiIkhi oI niijniiil ^iiixilv fl)ii\ (li-lilliilniii iiii‘lhiiil, HIM, 
u'l I \ IIIHH Itmi’ Inillmil Ih'* Hi liin Iniiii In • .iiiiil\s|t nf Ih‘i>i, 

III I ii III lal iiiiiiUsi', 177 

III I II III I I ImiIhiiii Ih 1 1 IT't 

\ I II i'ain and iHO 

Ml IK ml I liiiiiii > 1 1-* III I nil I IHii ( nil I nniM Ihl l'i(lmh, IM.> 

r<iimiii' Mniii III III IM \nil\«i^ ISI I'liiv, IH.i 

l\ ll/«*> IHi’i 

(•iiKial iliiiailii' |Mi Nu'iiiln <iii> I kI (In MiiiiniMiiialvlK al ilalii, 

I'lH \iii(l>-i • III rnnili ami nllni iiim«'< IS'* Mr nlinl, in id 


iiikIi\(iikI itiiiii-, I'iJ Milhii'Ucil iiiid^Hi , I'MI 'ill 

\ Htihsh II (/(/K .llfi 

(I'l'iii'iiil ■ liarai II M, ill I'n MuiliM-r ami i (ilmiiiiipi m 'ilO 
\iiiilv'i''( 'll, “il7 

.\l MtduaUd \\ ua s .’ilH 

\ll Son Al^ahf dll' II /Ilf N . ■1111 

XIII Mmcfllanrov^ Alcohfdir Hirfrutjfi . , . . ."»20 


UortM-li, ‘iJd, Kcplh., iJii, K'liiinifeii, .*iJJ . .Kuk*’*. .>32 , 'Iud(l,t,fi22 



rONTKXls 


• Ml 

'I'm. \| \|4<)||(l|. 

Mmih III nil ■■liiil mill tin liliiiiil "ij I I’m'iI 

i_'l ( 'inn I hi I 111 n HI in lln lilmiil, ijli 
l^iiiiiiliU iiiiiiliii III" iiiliiMi 111 mil 'ijH ( liii 
Ml Mini ilixi'nli I' 'i III iiMiilinl ilniiiii • in n 

lll‘•• lllMi«it lll^'l >I|M \ til III, I {.' 
ill li ■>*< ill i| II •|i|,iiii I In lull • ihiii 

I I IN, ill I' II* I >•! Ili;'|i ■In • . 

I'\|H mill Mini HIM •tijiiliiiiir ly 


\>tli III 
iHi. •• 


I !'l 
I III! 


Ill I li nil 
ill II 
•. 1 1 Ml 
I mil 

|■'f^il|- nil ^||l' i||_i>.l|n|| ilJ 
iiliilmii, "ilT .i?|il mi lln Imil 


I I III nil nliiii III 1 1* ill infill n| |i 1 1 I ^ 

t 

IMitl MI 1 .I.' \|'ll\ 

\li|i| MM M 

Imii \ 0| \ WII s 
Im»i V oi .Si iim I i> 


ll'l I 


I' Mil 


'i-'l (Jxilllllinii. 

lull ill 111 , iJT 

■ill I•l|■||ls|||, "ij!! 
Pllt xx sli III "l 10 
III! \ iiini III III! 
mi II |i|i.i|iii Ii\i 
ii.il I Unix -ii.'i 
Ml IIMi lllllxl lllill 
lln II x|iiiiiliii|i 
ihlii iiihiii , Ms 

llll|x||llll 'I'lO 


■ Ml 


.'•III 


m fit niton * nn 

ntht I II 


(• It > liUlth ill 
mil ittfi >/ 


I !>' I In I 




[.ISr 01- l AHLHS 

i-u.i 

\( ll<)|l III \ II llill^ \ I .|st<% dll till |||?||( I di.'lllliiM - Til 

\ irlil III .ill nliiil liiiin i.i\i iii.ili M.iU ' 7S 

DiMiII itiiiri III w.ishoi iriiilo Sd 

\'.iiiii|i> s(,iti-«tii il t.ililr-* 111:! lull 

Vlipliitii .ill iiliiiU fill iiiiil.i' ->11 L'l .Hill li |ii III! 

Ml tliv I .ill Iiliiil >>||| I itli ;*I.IMl\ |I|I|I nils Mlixtllli > l.'ill l.'in 

iMiiliiiii liiiinl -. Ill 1)17 

\ Iflnlll |I|| III! Illillli.ll lit \.l|ii)M-.ltinll i;i7 

'|iiillli lir.ll III .|i|l|i nil' tlllXllili ^ Ills 

Ktll\ I .ill nlliil iinlflli:: |i.i|||| it \ IMiill-. |ili 'SUM s I 111 

\ llinlil |IM s.iin Hill III .It III \ .l|liil I'.ltimi III I l.'i 
•|II||||( III .11 III .hllli nil IllIXtillls I |.‘> 

s|iM|||i L'IIMt\ nf niUii'll IllIXt IIM s ,i| \|Mni|s 

li Ml|ii l.ltllli .117 

iiiiln I s lit II li.n tmii H \ iiii ii- ti'iii|ii i hum ' 1.70 

I || I tl II I niullli I IMt \ 1.71 

S|M>I ifli llulllilHi |inMi| 1,72 

\|sin,|t\ nt .|i|l|i nil-' lllIxtllM ' 1,71 

til I /iiin |iiiints III ii|iii nils inixtiiM 1.7.7 

Iinllin-J liiiinl-' nl II|>|| nils iiilxllIM s |,7(| 

• iiMi|ic'sit mil III . 1/1 iiiiii|iii iiiixluir* 1.70 

, liiiiliiiL' |•l•llll ' iiul ■ mull II 'iii!j |Miiril ' III iimus 

IllIXtillls jli; 

Minimi u.itii .111(1 |int.is.-iiiiii llimiidi s,,|iil,|||i ,||,|, 2I.S 

All nlinl .111(1 I tin I s|,( I iIk i.'|imI\ nl iiiixliiM s Ilf 227 2211 

Tl-lll|)rl.l(UM I n||C( tmils , 2.'M 

S|li I itli i(|,l\lt\ lit .II|I1I nils .’ill niml .it III! till K , 2.17 2.77 

|)i'iisil\ III iiiixtiiMs III (tli\l ilinlml ,iiiil u.Hi I ,il \.iimiis 

Ii’iiiIN’I.Hiim’s 2.7S 200 

I'Minf S|iiiit stiiMLdll (HIM s|iiin(|lliL' ultll IMilii.itmils III .SiKiss 

IlMlinimtii . 207 

Wcifrlit nf spiiits jicr ^.illnii !>> s > IImImjiik h r . 2U!1 

\ % 



lAil UF JAIILKS 


xti 

Fiip'i^ii ulciitfolir .strcn^hs (iiul Uritiih firmif \iiliir^, 27,1 

hiliitioii of alt iiliol to Inner stn'iiiiUi . . 2S2 

Kcfnictoirifter tiililfi at . f<ir t-tliO and inrth\l .iltolioU. 2H4 

ill loti loi t'tiul iiiitl lilt tli\liili olioU'JH.') 2Sli 
' , at 20 , Ittr ftlivl alioliol 2S7 

at loti , fill |||•ri|l•| alirilioU 2ST 

Ki triii'tivf iiida <‘i < oNl■^|lfl^dltli; uitli m ale leiidiiiL''' 2ss 

JiiiluNtriul met ||\ lilt eti I|ii.uitities Ii'«eil fur in.iiMil.il tnii.s. 

ete , III the riiited Kiii|;tloiii ^ Itl.t .211 

Tests of iileoliol and ^.tstilme in s^^itiiiiuir\ l•In'l||l s Msn 

petiol lUiil i»eii/iil 111 M.itinn.ir\ en^'ini " .2s { 

I III iiinnini; e\|ii linn Ills ;|s| 

Thi'i'iiilU iiiirl otliei |i.iiti< iil.iis lit iiii'llixl.ited s|iiiil . Its.'i 

('alonlie \ nines, e\|iei imi iital ;tsi| 

Liinila oi inlliiniinaliititv ;ivi 

Kefnu'l ion Millies ol hmliei .llll•ll•l^ Miiii|i.ii(d nilli innnl 

Hpirit liil 

Apparent (ontent ot IiikIii-i .ilmliols 117 

ffiKher iileohols estiiimtui li\ difleient iiiillnul* tj;t 

Aniil,>Hes of hianiK iJn tjs 

ol mm i:il i:i 7 

ol nliisks . 1 1.-| |-|.{ 

, of Miriniis lii|ueiils |'t7 

ItKiine aliMiiheil l)\ essenti.il oils IVs 

KaNeiit iiil oils m \ ai loiis ■ sseiii i s }l, j 

Original i;iavil> table disiillniMin pimess t7ii 

.. e\.l|ii>l.ltlon pini I ss 171 

indie, it ion \ .due ot ,ii 1 1 le ,it id I7_* 

leti.ii tion t.ihle t7h 

Analyses ot I'idei Is I 

.. of peii_\ Is*, 

ol nines |,s;i p.m 

Kxtraet table, nines I!I7 

Wine. <|nanl dies ele.iietl toi loiisiiiiiptinn .'il.'i 

Anid\ aes of Hi it isb n ines ,~i 1 7 

Kolierta's e\peniiients on peplit ilip'slion .'il.'t 



MS I OF IM.US I RA I IONS- 


I Piiiniti\« Imiiii- I lf 'NUlU ^ ' 2 T) 

Ml l)l 'riiniii.is \\ ||||. .. Id 

II fi i: M.ihl ^ II 

IJ .lii'otii- mil Lii liiL' ^ 12 

I i Ldlll- l^l'•tl HI ‘ Hi 

II Slill till <li''lillaliiiii .Hill ii I tilii .iliiiii III wiiH 21 

I'l I lull (11111111:11 1 mi of u‘i. (Ill III li.iili \ ;{7 

Ml Viiii.ii.itii" loi {ii<i|M!:.ihiiL' M I'-t 4!l 

IT i'lillM Iti I Ini Ml .lllllli;: |ii)t.ltiH iti 5s 

Is M.isli Tim \Mili iiia''liiiii.' iii.i' him III 

I'l laki *1 II I iiiL' i:i .11 1)2 

2*1 hlL!i '•(M Mil .11 111 S(« < ll.llltx lilt.' liliMi' 1(7 

21 l)l mil \i U Ini I \tl.ii liKii III -iiij.ii in I t (IS 

22 |S|||||||| |int xlill fill ill. (till Kii 

2 !t .Sti.ini llr.lliil |>nl '•(ill with HtlllMii..' hi .III S 4 

2 i rnlM \ N III .till I \(| Mill H(l 

2<T ili.ii>Miii III SS 

21) Dnllhh' I nhllilll I nnliiiiinii'. '■till KII 

27 Kll III h I nllllllll .lIlli.lMtll" Ini II I tllli .ll lull IfJ 

2s Mnih Ml Ntlll Ini 1 nlitlliilnll-' II I tllli .It mil . ',12 

2't lllflh I nhllllM 1 nllt lllimils -t ill Ini Win li ,ili nhnl |‘i(| 

:hl \|i|i:ii.itii*‘ Ini I >t mi.it mil III nil lh\l .ill nhn] ]K!) 

.‘il l•l,l|lh Mil I till I .ilinlml .iml w iti I iiiiNtiiii ' 2!ttl 

.‘i2 l'\ kimiiii ti I iiHliii.in 2J14 

.‘ill till*"'li| -.Inljll 2.‘ilJ 

.’14 .Siki 1 •> M\«liniiii (i I 21)4 

‘i") l)i''lillmf: .i|)|i.ii(itiiN fill iMiiii.itiiiL' nil tin I .ihnlml jii i 

wnnd Iilifihth.i :)(Mi 

.‘it) KliC'k ii''<'ii*(i)i III tom .mil liiniiiim ti-t" ‘tttS 

;I7 .Sil\ci |iic.>siirf lla-k for I Ml I'. I ‘•liiii.itmii . .‘MiH 

liS hiMillalion !i]i|).iiittii*> Ini ilrlrriiimatmii of Imilin;: i.iiiffi' .‘ilHl 
3tl frui tiriiiiitiiiK ( oluiiiii M)i luH'l nit .iii.ih -I" . . , 401 



iviji f 1.1ST OK iiJ.i;.vritArM)\>< 

nut * 

I jo Stcii'tii j.ii ki tnj slill list (I Inr |;iri (:>0 

41 (*<i|i[ii I iiitn Ntill 

42 Still fill riiM'it linn}; iimiI foi iiiiikiii>; iiiiii KCt 

l.'i Sti mil j. II ki'ti il |>i>l still {;ts 

n I'lit stil! till limit iiMii>; 

l.'i. Still, liii ill li iiiiiiiiMi; fiiiijiii.il Its III Ini-i 107 

Hi Iiiiitii i''iiiri K li.ii liiiiii ti I uitli ifil.itirii' li.itli 174 

• * 

47 |t|!llUIIL''i 111 III 1 VI -I I‘ll'. '‘houirii! liriii III l.ltiv I I llillliif - ~i'{l 

I.S Mil riiM ii|iii .il -i-i tifif,Mit liiirii.in luf I 'i.rj 



rAHLK OF \HHRKVI \I It)\S KMPLOYIiP 
1\ rUF Ri'.niRI NfFS 


\iiiiiii \nii M lull 

\!f‘i ’ll 111 I / // mf /• it 
I III, I til, II, / 

I II / l‘t, /'< '/ 

I ’ll, 'll, 11 

I >1 > ill t I, ,11 I ,,f I 

III', f hi III l/i l' 

I, .'I tl III M 

I 'III t l,,„i i'l fS 

lll'l I III I . 

|i'<( /■/ / I'nsf 1,1 

III, it A'li' o '>ii,i<l 

li, h «/ * I'l I 't \ It 

til III I >1 

l‘l il i llllllll' >} 1 1 >11 


Il h 

if \ 

III./ 

l../( 

rhliil, 

III'. 

A III 

l/.ii 

\,„>ll 

/'ll 


H.i. 



It „ In 

I'l 1 


‘ll"iliilll /. 

|0, 1 

H r 



Hi, II, 

1"' 1. 


Hi. If 

\,i,' 

I'.t.U 


Hull IsS'l. t I ,„l \,l, , 

Hull A'/i 1 1, 'III 

Hii'l >iii t It. If 

Hull I ^ Hill 'if ,'^f'n hii,l-> 
( In III nil, I Vit'iU hii'l 
t 'in III \ I // • 
fill III ir I 

fli'Hl l\,,U.ll,l 
( II, III /■ It 
t 'hi III Xmtr 
Cmni't I'lfl 

runt Hml 

t'liinjit I' III/ fill I / Ilf 
n/ 

Ihufsch .{rrltii / A/ni 
M.il 

/In' Chi III Imiuitri, 

UR V . . . 


Jill li\ \i 

VIL’i Jill tiii Itiiiii iiihI Jlupli II /(‘iliiMi! 

\iiii I II nil ( In lll'l III •rniii I 111 
\iii>liiiili l•<llllllll lit l‘li\ ll•ll>l!\■ 

.Ill-Ill^ I !• llIL* ' Xlllllllill lll'l I lullin' 

\iiiiiili •!' ( I'liiiii 'I \|i)i| I iil.i 

Xiiii.ili •> 'll' ( llllllll Viiiih liiin*' 

Viiii.ili II lll'l ( In mil' mill riiiii iiin/ii' 

\iiiiiiii ill ( llllllll' ' 1 ill' rii\4ii{iii‘ 

Viiiiiili ^ ill < I iil-iln iiliHtiK 

\lililili - ill' I liiolMllI I’li'-ii III 

\iIm 'i II ill I KiiiMiltiln Ci'siinillii'ils'imt 

\|| liivi ill - Sunn' « l’li\ -It, Ill's I'l Niilurvllci 
( •! Ill \ a 

Vn lii\ I" ill l.iiiiiiii nil Kill s|ii'riiia'ntali' n ni'icn/i' 
llllllll 

Xii lii\ I I'l \i iiiiiliijx 
\m III' il' ' riiaiiii.i/n 

\iki\ liii Ki nil Mum r>il<>i;i‘‘i II <!i'iiI>'KI 

\|»ii|ln l\i • /■ iliiiin 

l••llllll( 111 hnilsi III II 1 in iiiiKi'lii II (li'Hi'llbCliiifl. 
Hiiiflniiiii il .l••■llnili 

ISiiH In nil < In /• ii a liiifl 

hiili'>li I'lili III 
III' Ml is' l••lllll.ll 

liiillo III I'l dll' Hiiri III! I'f Afrrifiilliinil In- 
lilli_'iiiM iiinl Ilf I’laiil l)isiii<'i»i 
llllllillll 'll I Xsifil lutinii (liH rlllllllHtiM cJm 
M il'll 1 1 ill I M'-lilli rii' 

r •" till ill* III ''•II II II' I liiiiiii|iif' ill' Kimirr 
1 till ill I I Sim II !• i ||inilC|lli' ill' Jtl'lmifljf 

• III III till lliiri .III III .SliiiiiInriiM (1 .S A I 
III ill .mil Ml l.iiliiif.'ii III rii('iin ' 1111 ^, 

I III al Ni u.. 

('ill Hill .il I'l 'nil' liiiiriinl 
( In iiiimIi Ui.KI.Iail 
( in inikiT /• itniiL' 

( 'lli'llllst III >. /■ llllllllilutf 

( •lln|l(l•■< n ii'liM III l;iJi>iniiiluiri's ili d iSi'iiiipi*ii rli> 
r.Xi mil inn lii s Si ii'in'i ' 

( iiiii|i(''H II mills lii'liil'iiiiiiiliiiK s lie Si'BiirnH ili' 

“ ' ill SiK II !*• ill Miiiliipi 

('••ni;i(("i riinliis iN's Triiiiiiiv do r.iihriratnrie 
lit ( iirl-l > IL' 

Ilf ii(«i Ill'S \nliiv fur Kliiiisi In* Mt.-ili/iii. 

IMi'( In iiiist III' Indiislin 
Druisrliea Kiiilis I'utint 



IVll 


( TABI.t (IF AIIIIBKVIATIONS 



.Ihii 
l‘im l{nii 

Fifi Itinl Mill 

Siiint I'liK litii/ IhiUm 
Stii . . 


Sktiinl l»</i 
7'iiiii» (’hmt »i 

7'/fms /iV»7 >11' H’I’H 
f'N /) /» l./f /M/ 

t s r. 

UVWl «' h llniii 

/•ihih ilU'l/ t'h /n 
/ tf<ii h ini I u ( ht HI 
/, (t'xh I'l'kl »ifl in 
7, It'll h >1 ' II itiiii 

Zl 1^' A \llfl' fi lllfi' H 


/. ifoi h /lA /w<if/ i I III 

7 It'll h >iiif 

y nti It III l,‘ 'll /i’ll' I li /•> 

/. q I >1 l(ie r< >; n n i 

Utolju 


• .fill ll\ II 

lli^'litfi Ini' Iiintinii.il ('■•ri;'ii nf \|.|ilii il ( In m 

i-ilii I'mh i-f ihii^v 
i:illi il\ \iiiiiili II 
III jv III II ( 'lllllllf II \l III 

.I••IIII|.|| III ill' \ll|i M< ILM ( IliMIin ill *4111 14 1_\ 
.l■■■llll.ll III ill! I 111 mil ill .Sill n || 

.'••llllllll Ilf l.ilS KlIilltlllL' 

1.111111.11 III till lii'iiiiili III Kri mriL' 

.loin ii.il ill l'li\ '.ii(ii<‘ 

11111111.11 il riiii'ii i) ( 'III iiii'.l I \ 

•loin II il ill |‘|i\ .>iii|iiL'ii 1 1 ill I’lii ||ii|ii|>ii llllllll 

.li.iirii.il ol III! l'M\-iiii| mill (In inn III ,Siiii.(\ 
"ill Kii^'.iii '* 

.llllllll il III tin Sill I i\ i>t ( III mil III linliistr\ 

Millln iliiii:'i II iin-i i|i in Koiii!.li' In ii M.iliii.il 

|ii iiliiiii;..iiiiii /II Ihii'.-- I.ii liii III IiIi Will 

Ni in 1 .l.iliiliii. Il i|. I l‘li.iiiii i/n 
\ii lii\ Ini il.i.i I'l iiiiiiiili l’li\ ■.ii'lii.’ii ill - 
Ml II I In II mill ill I I liii II 
I'liMiiii’n I iitn ill .li'iiiiHil 
I'liiiiiii 1/1 iili'.i In* '/• itiiiu' 
rii.um.i/i iili-i In /i iitiiilli illi 

I'li'lililHiii I'liiiii il III Si n III I 

riiil'i-ii|i|in III Mii^i/iiii (III! I.>>n'l■•ll, I iliii 

llllllll Mini Dnliliii 

l*liilii<ii|ilin |i liiiii iiiiiKii I'l llii' l("\ III ''"I n I \ 

o| I "llllllll 

I'lK'.i ihIi.iII .mil ill II ill I rii\ .ilv mill ( In inn 

l*ii Iiii.' "I I In K"\ il Sill II 1 1 

l*iiii 1 1 ilnu'<> III lln* ■Siiinl\ l"i I \|)i i iini ill i‘ 
IW'ili .'V mill Ml till III! 

Siniiliiii I'li'i 1 1 iliii '« I'l ill' Kni.il |>iililiii 
Sni n I V 

.Sk iinl.ii i\ I I In \iiliu I'll rii\ i"l'"ii 

I iiiii . Il li'iiis III till ( III nm ill SiH II 1 1 

I I III II lll•ll•. "I lln lii>\ .il '^"1 n I \ "I I ilmlmi .'ll 
llllllll St.il4« I II |. Il lini III "I \.iiinllnii 

lliilli Ini'. 

I mil il '*'1 ill s I'liti III 

\\ III In II I liiill 111 ! Hi.nn II I 

/■ iNi liiilt Iiii .in il\ li'.i In < In mn*. 

/■‘Il .1 hull Ini Mil lu.iinlli I In inn 
/i II ^1 liiill till I li kli'M In inn 
/•It iliiill till il.iN i:i -Minin'' l!riinui-in 
/.I il-i hull liii I nil i-in limi'^ 'll I Nilnnii'- ninl 
I if'iiii— mil II 1 

/i ii-i hull tiir |ili\-ik.ih-i III' ( In inn sim hn' 
III' nil' iiinl \i in iinl'-i li ill -k liii 
/i‘il-ihiill till .S|miln-iinln->lin 
/ nil ill'liitl Iiii ISi" hi iii"' iiinl Ih I'hs-n I _'ii' 

/,iil-iliiill I'll ill- ^.'''-mnmli' s. h-i — iiinl 

S|iii ii|.>..|iillni».- 1 II 



ALCOHOI 


(•ii\iTi;i: I 


‘‘Alcohol." 'I'hi wiitd ' aliiilii»l isili y\< il fiiiin till' Vialiii 

til hi/i I l|l•||llllll•.' ii.iti\< .iiiiiiiiiiii\ wliiili i‘ III 

till- foiiii (it III iiii|i ilii.ilili |iiii\ili I li.ix liiiit* lii'iji iivi-ii Ii\ K.'ihtciii 
uiiini'ii till il.iiki iiiiiL' iIk (\iIi|(i\\~ iiiiI ( m I.i^Iu's .Tins i iistuiii 
l> lll•■lltl<l||l il III l‘ /( Lli I (Will I0i Hill .lUii III llir Si I iiliil Hi Nik of 
K MIL’S ii\ :!H| 

III (••iii'i III liiii)‘ till’ viiml I HIM III Ih‘ II si 1 1 flit liiir |Hi\\iiris 
L'MIIIII lllv rillls III lit In IIIII ill Ulllllll’' Ml' llllll sill ll I \|l|rsMiiI|S 
iis (In ,ili<iln>l of M.iis (|hi\mIiii(I imiii, iiliolnil n| .siii|»liiir ’* 
(|hi\mIimiI IniMisitiin I ,iinl 'H mi i'.iitii rlsus spi riks of :iii(iiiioiiy 
wlinli li.is Ill-Ill ihiinjiil Milo tin .ilmliol tli.it is iiiliiii’il to lini> 
|iiiuilii ,iinl Ml nil iitimiiMi’ t.iitii tin* siilmiiiit lll•|losltl‘ll fiorii 

Mini hr Hiii.iiks l/iito/ n/ in/ tmt'inis nsuhitu/* in mtHiiltts 

/ii/z/iN l'!\iii Ml I oiii|i.ii.ili\ 1 1\ iiiinIiiii |ili.iiiiiii( \ ‘ alrohU 

ft in oi fnnim fih iliini s|||| i|i mitiil •! |>(*\Mlr| of noil 

I’lllli.ililv till h Ion .iliollol ’ linlli .iti ll :i il\r oi s|,iiii ni till’ 

loiiii of liiir |Mi\siIii. .111(1 .itli iw lids ,iii\ liin |mimi|i i Kxiutly 
IniM (hr Mold i iiin to In i|i|ilii d to (In jiiiit olil.iiind fioiii uilH’ 
Is not vi|\ dillllltiK klloMII lIlollLdi it l'l«ls\ to lllldrrnt.'IMd IlOH’ 
tin • li.inu'c |iioli,ilil\ i.iiin .iImmiI Ciit.iiii of (In tun st |>oMdi‘iH 
Ml ir olii.iiin ■! Ii\ tin nil (ii'id of siililiiiMlioii .iiid tin ii srinhliinri’ 
of (Ills |Moii-s. (ll (he dis|il|iiii; ot Mini Mlnnliv (In tiiirr |iiiit of 
till- Mini M.is olii.iiind fin- fioin ^•io-.m i ]).Hlnlis m.ix mcII linvi’ 
sii'ji'i sfi d i.illiii'' llic s|iiiii (hr .iltoliol o| Mine III fi'M’t, li 
((iiot.ilioii fioni (^iii It 1 (.Hills t'lirii li\ .Si limli iiinn I ' 
rini nhtilit/ln ilm I fn nliUnniihn'- iiidn .itrs tli.il tin stirn^rlliniiiig 
of s|iiri(s (if \Miii liv II I (itit .itioii M.is .dso I, llllll all olioliitiilioii 
\x I.itr .Is ITT.'I Ml lf.iiiiiii's ' t'liMiiii lA|ri iinniitalr " aliohol m 
drliiird .is iin .iiiiiii: |iiMii.iril\ |ioMd(is of (lie Inn s( tenuity.”* 
and SCI Olid. Hil\ .is spnn^ of uiin k • lilii d lo tin* lltlllo^l dcfin*!’.''* 
\iiollnr simirrsiKiii * 1 -. tli.it the jilii.isc t iHHiti itlr/ihfiiitum," 
a|itilird to s|iiiii of Mine distilled o\ei |iot.iss]iiiii i .irlioiiiitr, tllrou^ll 

' " I'.iHi* .ii«l lh b«'lii|iiii( rit ll' nri'iiiiN' ( ill iiimir},' |i !>l. 

' \\ iMiltnii't ‘ I lipmif l> s of I'tiiiiiiiiu ^ 1, (.*i 

If 










\l( OIIOL 


riiAr 


mI (III jiiiitli iir (Midi 1 1 Him V \ llli■lltlun i»t li l^ aUii o.iid In hr 
fniiiHl III .1 iii.iiiiiM ii|il til till luilltli uiiliiiv fmiii till* MnpiMi 

tint ruin A|t.irt 

tmiii tills ImuiMi 
t III M- il lies not 

• l|)|H'iil In lit' .lll\ 
t iiisl \uiM|i\ I \ iilriii I' 
III till |iiiiiliii timi III 

• iImiIiiiI Imiii \Mlir 
i .iilii I III. Ill till tliii 
Il I Mill I I lltlil \ \s 
till- III 't ill llllltr 
lliiln .itlnll III lllirliit 

i|iiii|i s limii M III i|s 

i;iM.|, Itni.k III 

I III s I nil lliii'l III 

ilis| illiiiir n fHH null H'‘ 
llnlll .1 III II k N\ Nil’ 
tllli k .mil nlil 'I'llls 
hunk III st .1 ( i s 

I iilliil lliil 1)1 III I .lllli I 

il.lti III. Ill l.’DIt 

Tllrir Is hltli ilnllht ImWiVil tli.ll ill^tllli il .l|i i)||i>lli liiMl.njis 
li.iil hi'i'M iilil iiiinl lioiii iii.itiiiiU ntlni ill. Ill wiiii' it .1 iiiiiiiil 

r.ll .mil Mill In tliM \ 

Iiiiiiihi'i III I \ mi|»|i , |||\I 

hi'i II I dill I ti li ii\ r 

I’’. I I I Il'\ ' W llii i| Mill I - 
IliH'lh I S llislniif ill 

('llllllli , ' Mull UihmI , III 

rlui.iliiiL' l.niiinis' ,mi| 

\||||||||S Iillii I wniks .1^ Ills 

aiilliniilii s 'I'Imis .mill 
lllstllliil Iliilil |ih|i|\ Ills 

hi I’ll kiiii\Mi III Imli.i s|||, 

at Ir.lst StMl IK .Iiiil III 
(‘|'\|||II ilnlll IIIIII IIII- 

inriiiDii.il ' 'IikIiK iisilf 
l^ ;i I I'l Mil'll till I ii| urn 
iihtaiiii (I llnlll lilt' .Hill \.iii 

nil p.llllls III ( hill I. lit I' 

iiiillcl .lllli nliii I !:i.iiiis \ii III 

' III.)', t I'lii.'i aO, 204 / /. I /.’iix.i; I •HIT IJ .I'l'i 
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.1 |. lllli i|i III,. I |.li . 1 II, I ||..i. Ill III. ^1 nil. I 

II. I II. il I 1 1 I " 1 . nil |, '.I. iih 1 1.. \ i|« nr i' •< n 
•I’l "I l\ I l|. nil I .. 1 1 Mill. Mlii.liriiii .11 
'>i» l■.llll|l mU • tiliil I III. • . i. I. II • .1 II ini.l |i I". 1 
I'lil |liii.nk:li III. I r Ini.. 
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tin 1111111111111 lli|iiiii /w; >r-//ir ill /i/m'i liniii ii liu li .1 ilis(il|i u' Iii|iiiii'^ 
U.lN ii|i(,|lll( li liiML' IhIoM* IIk ( illl-'ll.lll I l.l SlIllll.IlK, 
mk'A'/ u I'i ili'.tilliil III \ii\ .lilt ii Ml tilin'. I.mii liii' \\i II Kiihm II 
•l.i|i.iin -.I iliiiik w/.' lll•l.(llll il lix ii I nil iiliii'j Mil* Till' /mr/nMN 
Ilf tin T.iit.ii" III t I nil il \..i I Hill tin /• iim iI Ii\ iIh' ^'.iiii .i'.|.iii<« 
.III- till' li'i Mil nti il milk III III III . iinliitliii iniiiiil' .iinlli.ixi liniii 
MIX .iin II lit tiiin-' xnliliil lll■>Ill|ll| Ininni' I.iiuxmi n 'jn iiiix i !x 
.\'y miL'l Mil] >Ui'n> III tlll^ I 11111^1 X l.llli'lll I ( 'x llllji Ji.llil III till' 
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.•iNlli iiiitiiix *.ni_ tin |iMi I ' "I ili'tilliil iin .nl in tin Mi.nl 

Nniu' 

Ml III ill III). >1 I II I , 

Il • nl.i \ I i ■ I 1 I III !• 

\\ itli |i ■'|ii 1 1 III tin Inixn 'll It I' iiiilx I III III .1' ill it I iln ‘.in 
I.. II 'j.inli i| lix "igin '• linl n '> .1 ' 1 |iiiii lx nixiliii il |ii i^kiml" innl 
tin X niM*.iili'i minx nl tin |iiii ni- in tin litink nf I >iln "in ' tnln' 

Ilf mill II kit' I *1 iti tli.iii till "i\lli « I iitin 1 

l)|.ililliit M'li I" "I'lilmn I'fiinil in lix Itiiik m I'nm in xxiitiis 

Viiitnlli- Inixxixii "t.ili III It "I . I XI ill I I III In II mil II il iiiil.tlili- 

lix rli"tllki1iiiii xxiin^.iini nllnr lii|inil' 1 in In <iilimilti'l tn tin* 
".imi' |iiiii • \fliillnx liiM Imi II iniixi III ll nil'i liiimni x.i|niiiM 
tin \ ri'tiiin to Injiinl' l>nl if tli'"« xnu' nf \ii-liitlr xxnr 

(i|i|)ln'il in |iMiliir it xx.i.! .i|i|i.iri nllx ilmn -mu tlx .Nn iinli 1 

’ M'l nl’ih-J’t, till II, 1)1 ip II 
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A 

About MO II f infjjimiis w.itrr ilMilIrd from rf»si*N in an “ .iinbiv ” 
' this iKUiic till* tiiH'k uonl uliirh, with the Aruh |in‘lix 

" al." Ul^<'s IIS (*ui uitid ‘ alriiiliK ' ( 'niiih'iisiri^ appaialiM ih 

Haul to h.ivi' liicii iiivnitcd ami ii'<rd .it MiA.iridiia :l^ (‘arl\ as 
till lii-'l (ciiliiiv (•! till t'hll•>tlall i‘ia 'I'hr Inst fMirt diM'iiptimi 
of appiiriitii^ liii dislillatiiiii in Ihi'i pail nf thr world, ]iow<‘\rr, is 
^ivi-ii li\ /osiMiiis ol Mrxaiidiia, iii thi‘ foiiith (‘ciitiirv A liu'iiii* 
of till' ahinliK^ and ikum'I dl•s(I|lN•d li\ Xosninis ami .said toliaxi' 
liri-n copird fioin thr am iriit li‘mph' of Mi'inphis, is ^ixi-n in 
I'airlrx’s ailiilrs,' ao^ i" ii‘|^odn(‘i‘ I hrir, with srxrr.il otliris 

Von liippmariir lontrmK that althoiii!h disliM.ition ap|iaratiis 
was known to tin* •lirik alihniiisls in \li‘\anilii>i a^ i-.iiK .is thr 
lirst rrnliir\ \ i) , tin h* w.is \rr v litth piiii;irss shown in roiidnisiiiL' 
tin- \apoiii nnlil thr sixth oi srxrntii irntinx. so tliat tlir prodin 
tioii of lir|inds with low hoilniu; |ionits w.w nnpi.n liralilr It is 
triir tlial at that priiodaii * aipia Mt.i> " w. is known hut anoidiiii' 
to \on lappin.inn this was not spnit of wim , it w.is ,vn .im n nl 
K^xplian' I lixir of iifr " I'.xni as lat * as thr \rai ITJO M Kha/ini 
rxpirsslx diiliiird that oIim oil w.is I hr s|ii i ilii alK Imlitrst liipiiil 
known This would not howrxrr rxi liidr akoliol of .’ll) to liO pir 
rrill stirimth 

\ioiii.ilir hrilis wrir mm h iisril III Ni.ili pliai inai \ and a pions.^ 
loi disiillmt; w.ilri fioin sm h hrihs i-^ drsi iiIhmI III wiitiiiL's .ittnliiilrd 
|o(irhrr pioli.ihh alioiit thniidot thr ninth i rntin \ wlnUt l.iti i 
a ph\si«'<ii ot t'oidox.i Mhmasis i;,i\r .in r\.i< t ili «■ iiptioli of .1 
dislillalioii app.iiatiis as appliid in thr pirp.ii.itioii of m 'diMiirs, 
whirh in.i\ jirili.ips hi\r iiiilmhd spnits of wim In .iiu i.isr 
towiiids thr rml of thr lhnt<rnlh iriitinx m/'/r/ jiin li.nl anpiiird 
till' rrpiitalioii of a x.ilnahlr nirdii mr In llal\ it w,is sold ns ,1 
^rllrlal lir.il ,itl ahoiit tin- \r.ii IJ.ln amt m inoir iioithi'in nnnitiiis 
nlioiit 1100 Imlrril foi siiiiir iinlnnrs this im>dii iii.il iisr w.is thr 
rhirf appliratnui of tlir spnit ohi iiiimI fioiii wnir The know lid*.''' 
of It was sprr.nl into I'lamr ami alnoad ii\ Xriiaml di* \illriiriiir 
( \rnold of \ ill. I N’oxak I’.'iMiioml laillx and olliris 'I'hi' piorrssrs 
wrn’ nftrii krpi sim irt iimirr srxrn* prn.iltirs m Ihr hands of thr 
prirsts or ol irhuioiis oid-is 

Wootton’ pTifs thr mattri tliiis 

" Mhmasis a Spanisli \iah of thr rliwnitli rmliin is supposrd 
from M>mr ohsiuii' r.xpKssiinis m his wiitim/s to h.i\r known how 
to iiinkr a spnit Ii.mii winr Init \iiiolil of \ ill.i .\o\a who wiotr 
in thr latiri p.iit of thr tlintrintli iriitinv is thr first rxpliritly 

t h' III 7. it . I'MJ, 36. (iM 
( /nail af P/iiiniHh 1 , ,'IJ'J 


> /.> ill 
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to n*ft*r to It III* iliKs lint intini.ifi' tliat lirjiiiii iliMOvrmI it 
liiiiisclf, hilt III* a|i|N‘.iis to tiiMt It .I*! Miini'tliinir i iiiii|Niniti\rl\^ 
iii'M Ifuu run ii wli.it In* uilk it hut muik' n.iiin* it In* *ii)Mi. 
fUfiiii viht .111(1 >!ol(icii wiiti-i li Is lull inlli'il niitci of lifi*, 

In iHMinisr it stirni'tliriis tin* hoiI\ ,iini ]ii(iliiiii^< life Hr 

illstillcil lirihs Miili It Midi .is losnii.ii \ .mil siiiii' .mil lii^lil\ ciiin- 

lln'lnl•■ll till' Mil (In iii.il xiitin* of llii'or tiiiiliins ^ 

\VlialcM*i iii.n he tin* f.nis tn tin* imiIic^I iiii'iilioii ol /listillril 
.iImiIioI iiiic lliiiii; Is di.ii 'Mil* In iioniiioii oi iliiilio] a*i a lOii* 
stitiicnt of .ill ri-iiiifiiti‘i| licMi.iLn's sui ii .IN V me Iki'i. lunl iiiriiil 
(l(‘|H>iii|i li on tin |>ossiiiilitv III si>|i, nil ini' n .mil fnlliiwnl upon 

||||‘ llllplio rlMi Ills III ill'f lll.Mio|| I>tliitni )i\*|lli‘ \ l(‘\.mill IIIIlN 

\s ,ilri':iil\ iiiilii .1(1 (I, till* ii'r Ilf ill liMli.itin*: .11:1 11 fs m ohtiiiiiiii^ 
slioiniii spiiii tioiii m.ikii Ills loll:; in 1 11 pi.nlisMl tin* in(‘lli»Mi 
u.is kiioMii to IkiMiioini LiilK iini to Ikisil \,ilrn(iin' who hotli 
ilisiillir (hr I iii|iloMiii III o| i.iliiinii t.iil.ii {|io|,|ssmiiii ( .n hoiiiiti*) 
fill (In* pill |iosr It Is mil II <tiini fii note in \ii>\\ of ihr iinportiiiiro 
ot .iliohol in iiimIii iin* tint LiilK tums it roz/m/i/m ultnnn irii;»oiM 
liUHi'nn dtlici ii.iiiiis uliidi tin* snhst.mii li.is iniiinl at oiir 
I mil' 01 .iinillici .lie ifz/M.i >//'/i //' >/<///// I /fii utjun nhs ofnnhf't nruM, 
.Hill unn'Htnis }nf,lii/iths |.||||\ miimi w.ims (|ii.imtl\ rntliiiHi 
.Istli .ihoilt Ills ti.nllil \ll|oM s f/.y//./ « ,/«f It IS 'nf lliaiVI'vloilH 
Use ,iinl niiniiioiliiii* a littli 1 1 foil l]ii> joMim;; ol li.iillr to styro 
.(inl ifi«oiim:;c tin s,,|i|iiis miinh ’riir taste o| it I'Mcrdrlh 
ill otlni t.isti s aini tin sindl ill otlni smdls he s,i\s \^amst 
tills li\ \i,i\ nfioiitr.ist Ml Mi.i’ put .'nIi.iI.i s|ii m slims ' Othoii 
miisilile spiiii III wiin if thon hint im iriiin to he known h\ let 
Us I .ill lliee i|e\ll {(ttfulln X- 1 II .S eiie .'I | 

\s ii’lMIiIs the i.iiK llsf nf .iliiihol ill I Ills ( oiillt I \ llsipiehlicll." 
.1 spiiil of n.itive fiii:.'m is st.ilid li\ Si .iiishi n k ' tlioii^li tin* 
.iiithoiit\ Is not :;iM n to 1 mm hnii pioli.ihli in.'iiinfin tilled ill 
Irel.ind .ilioiit Mini \ n Ih.mdi .nioidmu to the s.mie writer 
in.i\ ha\e hn n ieiei\id tioiii |■'^mn .n i.iih .is tin* twelfth or 
tliiiteeiitli (entni\ hut tin (.irliist tiustwoillii mention of hpirit 
im|iorts Is of .iii.nk ' liiii.'ua ) hioii;'iil to South ItritniJi hy 
(iiinH'se iiieidi.ints m the liftieiilli (eiiturx Tin item “to a 
woinuii for hrm^m^ uijuti nla, IN h/ omiis m .111 Hn'oiiiit of tin* 
])rii V piiise expiiisis of If* 111 V \ II IhstilliriL' had heioriie known 
III the Kn^hsh nn*n.^stein s .md ahohol fi};iind in tin jih.irina- 
eo|Meiiis of the ]Hiiod .is a sim.iihmt .iinl rui.itiM iii;( lit in diHeiiM* 
Hv I.'iIJl) .ihohol foiiiied a leMijtnisid aitide of Knulisli diet 
“Sp\ritrs of the liiittTM w.is .1 (luniiioii phrase lor Npirit.i of 
• " .*<|iirii .V -II) ’ I' 'tT 
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ttiiH- mIik Ii M.ih also n*frrn'<l lo as * Iik mix uni- ualit iiiid " watir 

V hjf " 

Alfoliol max h.i\i- Immi iiitKMliiii'd mto Siotlaml fimii In-Iaiitl 
in thf tui Iftli I fiihiix lint till ir aiiiH'ais to lir tio iiiniif nf its iiiiiliii- 
fartiirj- llirri* till l<iw.iii|s the fiul of |Ih> liftcciith i(iitiii\ Tin- 
carlirst lifurriii sd fai tiaii'cl immiis hi the Siotlisli K\i In i|iiri 
ItolUJor till \iMi ll’ll uliri(‘ a Hit.iiii Iri.ii, IfiotliM .loliii f'oi, 
M (liirftiHi to \m‘ sii|i|i|iMi with Mi;hl hi>ils nf mall thl jniHmliini 
liifiiiinh for tin- iiM- of lhi‘ Sioiiivh kinj: i In | ms. ihc kiiii: 
.lames IV making .«<toiii iJ liis (Idiniiin.iiN fill ill at Diimlei' and 
a liarliei siiiu'ion lallul m it Inat him iHiMiilud ahohol iliiiie 
111 the IK 4 omits o|i|he land lliirli '^ll•a<^lHl r nt Siollaiiil the iiitix 
oiTilis ‘ Ihfii hi Ihi fMnhiiiii that hnuht infinn ift hi Ihi Lnni in 
JUuiflr hi On kimiis mn iiinni* i\ ill i infs 

III the time ot till 'I'liiloi kmifs Soldi vxhiskv ohiaimd a ion 
sideiahle ie|iiilati<iii in Kiii.d.ind 'i In in i tm v\,iiil |||4> kniiwliil<'i 
and |iiaelue ol distillation heianii* uiaihi.illv inon widis|iiiMd 
and eMiiliiallv the inaiiiiladiiii ol spints allin liil tin attintion 
of tin* tiiVLMtlnoi It w.iN iii ilin* tiiin hioie.dil iiiidi i olln lal 
HcMitinN, and made a soiiiie ol ii\emn h\ nnaiis nl In tints ainl 
exeise duties 

Of the siihset|iient lainimiiks in tin* lii^toix til aliohol |iioilin 
(mil, we max imti* heie the intioihn tnai ol distillation with ilimt 
Hleani h\ Sir \ INiiiei at folk in ISJJ \|ui h mnn impoil.iiil 

howexei was tin* intioilin lion o| iiH> 'pal. lit oi CdOix still 
h^\ means tif wlinh it hiMann' ptissihle tti pioiline alii>hol of liiLih 
slidi^th .Hid pill it \ at a sim.de ilisullalion. taiiinl on as a ton 
tiniioiis pioiess 'I'liis still w.is inxt nteil hx \t in as t 't.lh x in |s:H 
.Hill |iaten(eil in Is.TJ 

Composition of alcohol. \s to tin* t|iii s|i,in \\ hat is 

aleohol * theiewas inoie oi less spi-t illation tlimiiu' (he sixeiilttnlh 
and eighteenth t eiit lilies hut it w, is nut till tttwanls tin* t Ittsf ti| the 
latter imtiimI that iniidi was iletimteK pioxid Stahl (Itititt IT.'O) 
n'ftiinied aleohol as a xeix liiiht, attemiati‘d ml united hx an ainl 
to n liirpT i|uanti(x of w.itei than was piesmit ni onlmaix oils 
Klinekel, howexer (Itillt) ITtrJ), ^ixes e\ei‘l|ent le.isoiis whx it 
raiiiint he nil ml It mixes with water, does not dissoixe sulphur, 
and doe,s not fmm a smip with alkali 

Aiiotlier xu'xx (duiikei) xxas that ahohol ttnisistiMl of phltii;Htmi 
united simplx with xxatm jinee it xxas fmind (hat onlx xxatir xxas 
imHliieed wlieii aleohol was hnint ItiHTh.iaxe also (I7.'i7) Imind 
(hut tie piiMiuit of t'onihiisiioii was pun' water Xexeilheles.s. the 
' SvAriMhriik, /or cif , |i 48 



INTltnlM rruHN 


" inl kIim ‘.nil h.iil Its |)ailis.iiiv laiiii'ix' iji||Nii|i>inl Ikiniliiil a.s 
tin* nil\ |Mil nf wiiii liiit i.iirtiril 1»\ llir ai iil salts uf tlir Mllfi* 
Alacijiiri- ^i\<'s litith Mrws liiil iii|ii|its that nf |i|il(ii;istiiii 

willioiil ml lit imitiiK ulmi'Is llif nil^ usuliii' Irlt wlirii 
alniliti] (iif f\ii|iiiiati's as an iiii)iiinl\ i»l lln- alinlinl 

111 l‘iiiiifrti\ s Tunti f'htnni ( l/i II th hi fh imhlnf in) ,\\ui\]\t'\ 
i|iii'stitin Is r.iisfil Dim., aliiiliiil jtii t \ist ni wim* m is il^fimncil 
iliiiiiii; till' limlini' ^^lllll uiiii is (IisIiMmI ' '| hr aiitlim ^lulnatrs 
that till' fill mil Ml w was Ih.il In hi li\ ihi uliii i i la mists, llu- 
iiiiUf iiiiitli-iM ''ftti;//-. I misiili ii t| t h it ‘ wiMi' imitaiiii'il twn 

|ii nil ijilrs if-.|M I ti\i l\ I li II ii Ii iVi fl h\ (1} imnh liMlntp'ii, 
•mil (II) \v\\ httli- lailimi iml that iliiiiiiL' ili>‘(ill.iliiiii nf the 
Wlllf till sr ( MlillillU || til fill III llinlinl IlllMMt ||ll1^l\ll l‘'iilll( |ii\'' 
lln liill!.'t I SU|I|IIM|.. I lilii I till . I•|||||l•• I III till ml thnii \ Mr ir^anls 
.iliiiliiil as a |iiiii|iiil kI till (i I Mil III itimi nl •.iil.mi mIihIi has hri’ii 
li (IlK III III a ''III|||| I Ii 1 III 

Lavoisier's analysis. Il wa^l.ixman .anaKsisnl alinhnl 
I'l I7M s|i|i|i|i Ml, |||( i| l»\ ill 'saiiN.uii ^ aiiiKsi' (|SI)7 ISI.'t) 
u hii II SI ( ( Il i| I III i|iiisiiii| Ilf till « ••iiiiMi'il mil III .ill iiliiil l.a\msiri 
whnsr iitliii II 'I III III h nI ill |Mi>iil Ilf till |ihlii':i .tmi thi‘i»i\. 
fiiiiinl Mill I III Ilf |imM Ilf \Miii Ml li|i I mi I miiliiist mil 


('ill Imiii 

Oim 

1 

Cm 

.171 

■ > j 

lull iMiiii il.l) 1 ili\ II.. . 1. 1 

1 

j 

U.ll. 1, h |<I\ |••Mll> •! 

In 

I 



I III .iii.il\si^ wa-. Ill ii|i hx fill nm^ .ilinlinI iii i hillj.ir lillul 
with iiwuMi anil iilniil umi imihihx ami i stnii.itniL' lhi‘ i.iihmi 
ilm\ii|i tmiiiiil .Mill till i|iiinlM\ nl n\\<fiM imisiiiiiiil l<.i\msirr 
iiif.inliil thr II ".nils Is niilii itni;; ihit .ilinhnl si.is a i iini|imniil nf 
1 .11 liiiii .Hill IimIiiii;' n iiintnl miiIi h.mIx Iminul uati! 'I'hi' I i^miii'h 
inilii.iti’ iifiiiinsi an .ii|iii mis aliiihni \i i iiiilni;r Id I* (iiiii haul,* 
if Uf |i.i\r .is|i|i till w.it* I ami ialiiil.it' thf i.iihnii ,inil liMlriit^rn 
iH'ii I nt.iL'i ^ thf II 'lilt I' .■)! S"» |H I I lit nf I. II him .iml III III! jkt 
( flit nf h\ilinL'in .Is imii|»aiii| uith thf tlnniitn.il (jii.intitifn 
~i'2 17 ami l.'inl i unt iisjiutiMlx 

Disi iissiiiL' ihf ii suits III I7'tl| l..i\iiisiir i mu Imifil that thf 
rnrlHin ami h\ihnirfn inntaimil in alinlml air nnt )iifsfnt in thf 
fnim nf ml thf\ .nr iiimlniiiil uitli ‘•in h .i |>in|im tmn nf nxi^fii 
ns niakfs thi in suluhlr iii u.itii 

\ iiinrc ililniili |iriinf th.it dxxl'iii |s a i mistitiifiit nf ah nhni 

' f'hnnn, 17. il ^ Ih f »/« {'hunt , ITT'l ’ ' I'liil'i ojilni ('Iiiiiiii|iii‘ " 

* ‘ Tniili* ill* hisiilli rif, ' Viil IN flu i|iiiiiiiilii i .pii-'nl in iii'rihrii 
nr..* giini iia ('nihuij, till i7si ^'ijiin.., ||\ilr>>.;i n, .11) ’iIJi ^niriiM 
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came fsU'r from dc /tauHaurc, who took up the Mtudy in 1807-1813 
tlfe made analyMCfl by varioiia methods, including Lavoisier'A 
(‘ouibuBtion pnn'f'HH, dccompoNition in a eudio/nPtcr, and finally 
by a prrM'fHH of juiwing the alcohol through a tiil>e hruttMl to rod- 
noHA. Lowitz Imd ineanwhilo (1700) Hhowii how a Rtrung alcohol 
could 1)0 olitiiinfHl by in^atinont of riK^tificd H]nrit of wine with 
freHlily^^catcd iiotamiuni carl)onato, ho that do Saiifwun* could 
work wfth a much ]<■>« aqiicouH ])rrK]iict Mmii whh at l^avoiHicr'H 
(liHpoMul From the rmillH obtaitUKl with hia red-hot tube expori- 
m^tfl, ho dtHliiccd tlu^coinpq^ition of alcohol to be 


Carhon 

(Jxyaeu 

ifydnigi'ii 


np^ltJ 


|Jor coni. 
47 

13 0» .. 


The analyMH is notnhly leas exact than Ijavoisu'r'H us regnrds 

(‘Hrboii mid hydrogen, 
but mori' complete in 
respect of owgcn »Sub- 
HiHiueut nnnlyscs by 
(jay - Lussiie, Dumas, 
niid Roulliiy estHbliHhed 
the com posit ion tnon' 
precisely 

Synthesis of 
alcohol. 'Die first 

choniical Hynthesis of 
alcohol lm.s gcii«‘rfilly 
been attributed to 
Berthclot. who, in 18.74, 
obtmned it from ole- 
fiant gas by absorbing 
this gas in sulphuric 
acid, diluting the pni- 
Fih. 10.— hr. tuomim wiuih, 1021-] 1(75 duct, and distilling it 

Meldolnhas shown, how- 
etor, that our own countrMiian, Hcnr\' Honnoll, had HuccctMlod in 
effecting this aynthoais some twenty -six years previously In a ])aper 
communicated to tlie Royal Society in 1827, Hennell indicatoe that 
he had identified sulphnvinie arid (eth> I sulphuric acid) in a quantity 
of sulphuric acid given him by Faraday, whirls had absorbed eighty 
times its volume of olefiant gas ; and in a sulisequent paper (1828) 
he describes how' he had distilled sulphovinic acid with water and 
a littlo Bnl])hurie acid, and prmed that it was decomposed into 
sulphuric acid and alcohol Sinro alcohol is a product of living 
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organisms, Moldola claimn tor Hennell ** a plaro.not Jnfciiof to that 
of Wohler'’ (who Rynthosisod urea in the same year, 1828), “aa 
being among the first to pmrluee an orgniiie eoiu)>i»iind iiulepemlently 
of the living oiganisin Aleohol was not. however, at. that time 
reganiecl as a vital prtMluet in the same w‘nM‘ as ureo and hettee 
KenneU's oehievement did not iittmet the same attention as did 
the syntliesis of urea • 

Tt is, however, on tlie hiologj<‘a1 or bio heiiiii iil qyesjions arising 
out of the study of aleoholir ferment ition tli it the iniMt interesting 
and important result'^ 
have aeeriied With a 
brief historical outline 
find a general indieution 
of tliesi- results and their 
hignitieanee we may 
htiv ebiM’ this iiitro- 
(liu'tory hketdi of our 
subject 

Fermentation. - 

Althousrii the jiroduetion 
of H|nnts from gram was 
known in Kuro|)e os early, 
jierliups ns the eleventh 
or twelfth century, and 
fermented lupiors have 
been iisisl since the 
dawn of history, only 
\er\ \ague and geruTiil 
ideas were previilent ns 
to the nature of the 
fermentation jins'c-ss To 
the nlehemisth, almost 
any action hetWM*pn tw'o 
Huhstnneea. esfiecially when gas -was evolvisl. formed a “fermenta,- 
tion " 

Ip the w'ventecnth century, Willis's \ iew of fermentation was 
current (16r»9) A ferment is n bcMly in a state of deeomiiositimi 
with energetic motion of its particles ; this motion it can imput 
to another body wligh is eapaUe of fenneiitalioh This view Wi§ 
upheld by Stahl (1697), according to whose ojiinion fermentation 
was 8 matter of the deeomposiUon of a fermentable body into iU 

* “ The Clinniicel Synthews of Vital riwIuctH,” ji. 1. See also a detailed 
diicueMon in J. Soc. Chem. Ind., 1910, 28, 737. 





Fir 11. -» r. HTAHi., HW9-1734. 
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^ (‘oiii|)onpri(H, ulik'K tlii'ii n'-romhiiird in ii ililTcrrnt niAnniT to 
now HiilihtHiK'f'H P'or ovuinplo. Hiifrar thiin he clm- 

iiitof'nih'd iiitn iIn ruiiNtiliiont And tliosi* tlion n'-unitod 

to form nit'olinl A IxmIv in Mioh a 'dato of iiitornal motion n.s tlint 
sii|i|)ONod In^WdiU (oidd coiiitiiihik ato this motion to nnothor whu li 
WAM itHolf at rest, provided that the latter hiKiy was (inr filled for 
tlio ehun^'e. Thus \ta.s explained the firopii^ation of fermentation 
from onf' lajjiid to another 

Tow aids the end ol the M^entoenth eentiirv, IjoeiiwenlnK'k, with 
A home-madi' mientM't^N' of laO diaiiieteis inaunif\ ni^ ]»f»wi‘r, found 
that yaat was (omposed or small round oi oial paita-les Me 
doHorihed those in leffeis to th(‘ Moxal Soiielx (KiKO) and max fhiia 
he Hind to havi* laid the toniiflation of leMviidieh on feimentalioii 
hymeaiiM of the mitrosMipe The fiiither iim‘ ol this iiisliiimeiil 
iiisiuh reseaiihes iiii;'ht haxe ml 
short niaiix ( onlioveisies 11101111; 
the novt ii‘iilmv and a liiill, hut it 
ap|H'ars to haxe heen neLlleeled 
Desma'/.ieies m IS'.Mi found that a 
liliii taken tiiuii hiei wa^t i omposi d ' 
ol elon};aled < 1 lis w hii h he desii;nated 
M ifnttli / urn Vi nri sut 1 1 is not < lear 
howexei that he looked upon these 
ax iermentatixi' a^'eiits 

Nan Melmonl s dMoxeiu-s (IlilS) 
that in fei menl.it ion a pis os well 
as ahohol w.is proiliieed and lh.it 
a ferment was nis'cssaix to stint the 
proeess, weio nii|iorlant steps 111 the eliieid.itioii of fermentation 
phononieiia So also was the ideiitilieation In M.ieltride (ITtif) of 
the pis III ((uostion as Itlaik's ‘'fixed an" (eaihon ilioxide) 
Cavondish (ITIiti) found that the pro|Na'tion of this ‘ fixed air' 
yielded hy siipir on fermeiilation was r »7 per eont , and 
IjAVoisier rihowed lix niimoioiis experiments that supir was 
dooompoHod almost (piantitatix'oU into aleohol and earhon 
dioxide ^ 

The nineteenth mitiiry hnai^ht forth the fanioiis seieiitifie 
coiitiW'eray tietween Pasteur and Liehijj; ah to the eaiise of fermenta- 
tion ; And it hroiiglit also the delinite settlenp'iit of the question. 
Hitherto the phenomenon had Ixrii n*pitded as essentially 11 
ehemieal one , xeast was a eheinieiil nsipsit, not a living; orpuiism. 
Kven in IS 10 . (iluy-LtiNsae, dimmsHing the resean’liea of lAivuiaier, 

* “TfuiIi^ ^luiuontoiro do Chiiiiio,” 1703. 
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Fubroni, and Thciiurd, tin* innlt»‘r wscMitially fn'm tho 

(‘ht'iniciil point of virw ft had Imh'ii tacitly assifincd that fcniiontiv 
tiun can begin and cuntiiiuc without the aid of oxygen (jay l^usanc. 
hottCMT. coiisidcml that o\\gcn was certainK Mcci*>-Mir\. since 
giajK* juice preseni'd h\ lieat in i-IoM'd hottlcM began to fernient at 
once when (‘\|io.i<‘d to the air. but shi'wed no fi'infliitation in 
absence o1 air That the air coiitaiiu'd Ii\mg oig.iniMiis capable 
of setting up tin* ferinentation was not apparenlU. Mispecti^d 
'Die niiei(Nco]M‘, liowexer. ]ircs(>ntl\ threw [1111111*? light on the 
problem 111 (*a(;niaid-Latoui* lecogiiiseii that \eaat was a 

liMiiir oigiinisin icpioduied li\ biid^ng. and piobabl\ a jilant , 
alcoholic feimeiila- 
tion w.is looked ii])on 
as due to its xciicta- 
t I V t* a I t 1 \ 1 1 \ 

Kut/in<i ol Xoid- 
h.iiisen aiiued at 
the same n*sult 
\east IS not a < hemi 
( id ( oiii|ioiinrl. but a 

\eLrit.ible oiL'iinism 
Also Siliwaim-' 
about the same 
tune (ISIIT) e.mie 
to a siiiiil.il Hin 
( liisinn iiom e\pi‘ii- 
meiits on In .ited an 
and boiled lajiiids 
confirmed b\ sub- 
se(|Uenl ninro- 
.stopieal examina- 
tion Till I III I (IS.‘)S| 
eonHimed tin* a<euiai\ ot Cauniiird L’lloiii .s observations and 
d(‘du( lions 

The Mews of the thn*«* mu losi opisis however, were ver\ strongh 
contested b\ the most disliiigiiishi d ehemists of the jaTiod - 
RerKcliiis and von Liebig |{eiKeliiis reganled fei merit at 1011 as a 
eatulvtie profess (hi Liebig s view, feiments are unstable nitrogelt- 
eoiitaiinng siibstanees, forrricfl bv the ar tion of air upon jilant juices 
eontaining sugar Ihese easilv -dei 0111 posable fei'iiieritH are in A 
condition of lonstAiit degradation or deeav , by their deeonifKMition 
a corresponding ehemicAl inotiori is imparttsl to the atoms of the 

> Ann. Chtm. Phya., 1838, 68. 200 > Pugg Ann., 1837, 41, 184. 
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mig»r ; and thufl the sugar is itself decompofled. with production 
qf alcohol. ThiSi it will be seen, embodies Stahl's theory. 

A sort of n'coneiling link' In'twcH.*!! the two opposed views— the 
vitalistie nnd the eheinieol -was put forward by Mitsc'herlieh 
(1841). Ke regarded feiinentution us pnsluml by n vegetable 
organism (y^'aMt), hut thnuigh a sort of eontaet -action, not through 
the vital aetivitii's of the yeast 

By \iJl)out the middle of the eeiitury more and more evidence 
hod aceiimuliUefl in favour of the \egetative notim* of yeast, and 
oven Berzelius had now iNroine satistied of this Liebig's authority . 
however, was \ery great in (jfe seientilie world, and ojiinion was still 
divided betwii'ii the vilalistie and thi* ]uirel,v ehemieal theory of 
fermentation 

Kventually, through Biisteiir's n'seiirehes. the fonner view 
pn^vaihsl. Liebig's theorv that xeast iiriHes h\ the action ot 
atmospherie oxygiii on some sis'cial nitrogenous (oiistituent of 
the ferinentiiig h<|uid Pasteur disprnv(>d by growing a (‘ro]> of 
yeast in a synthetic <ulture medium eontnimng uii ammonium 
salt as the sole nitrogenous const it ueiit. Also he showed that 
whenever fermentation is'ciiirt'd there was a simultaneous growth 
of }caBt in the lu(uid. Monsuer, nleohol and earhon dioxide were 
not, as Liebig had assumed, the onl^ |>riMliu ts of fermentation . 
succinic aeid and glycerol were also priMlueed Pasteur showed 
further, that <‘ueh kind of fei mentation (aleoholu*, hieti(‘, butyric, 
etc.) m[uin*(l its speeml kind of muTo-organism Alcoholic 
fermentation, h(‘ eoneludes. is an act eoin'lated with ilie life and 
oiganisatifin of the >ea.st-eeUs, not with their death aiul deea\ 
Nor is it a ineiv eontaet -jihenomeiion, for then tlie traiLsforinntion 
of the sugar would take place without nnytlimg being eillier given 
up to tile yeast or taki'ii awa,\ fnmi it , whiTcas e\|ierimoii( sliowed, 
definitidy that something was gi\en up to the yeast b\ the sugar 
“No fermentation without lite, ' was I’asteur's verdict But he 
also said : " If I am asketl in what eonsists the ehemieal act whendiy 
the sugar is diH-omiMitH'd and what is its n^nl cause, 1 rejdy that I 
am completely ignorant of it " 

T^ater on, the aphorism, ** no feriiientation without life," proved 
to be, in strictness, untenable Tlic idea that alcoholic fermenta- 
tion waa due to an enzyme elaborated by the yi*ast-eell. and not 
immediat(4y to the life-prcHTsses of the ei'll itwlf, had been put 
fonvard by Traube as early us 18r>7 Liebig* himself had referred 
to the possibility, and I’asteur saw no objection to it ^ No satis- 
factoiy evidence of this, the true explanation, waa, how’cver, forth- 
* Bee Studiee on FemmUtion,*' p. 327 (English edition, 1879). 
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coming until towards the eloeo of the century, when Bu(‘hnar, 
an mentioned later on, auccetdiHi in Hupplying the proof. But the 
aphorism ia only tcKi wide by a Hingle stage “ Without lifu no 
enzymes, and without enzynicvt no ferimmtatioii " would bo true, 
so far as our present knowletlgi^ g(M‘s 
Pasteur's work, however, was iundamental, and of^nuoh wider 
imjiurt than the settlement of this pnrtieulur eontioversy. It has 
had an <iutstandiiig intluenei^ ujNm the de\elopment of thejlrcwing 
and distilling mdustries X(»t only so , it was destbiisl to have a 
fur-nvieliing effect ii]Min the welfaie of the whole hiinmn raeo, and 
to this uh|H'et of the matter a few |Aoids niuy now be specially 
devolwl ^ 

111 iMr^, Pasteur was apiioiiitid Ikuin of the iif^wly -established 
FnruUe r/e.v Scirncfs at Liile. m wliieh ttiuii dtstilling had then 
heeonie an iinpoitant iiidiistrx About two years IiiUt he was 
consiilti'd b) a distiller, M. Higo, iii refenmeeto eertain diHieiilties 
and (iwippoiiilineiits that had been met with in thu manufacture 
of alcohol from lieetirMii This fortunate eireumslnnee it was which 
(lireetiMl the genius and aeiiineii of J’asteiir to those studies of 
feimeiilatuiii which ha\c helped to nuke his luine immortal It 
IS a ninttcT of eoiniiion knowlidge that to Pasteur is due (he explana* 
turn of uleoliolie fermentation ns a priKess correlative with the life 
and oignniMilion of the vi-ast-eell. But it is ]H‘rhn|)N less generally 
lecogniM'd that h\ tlicM* * Ktudes sur la Bien; ’’ and Ktudi« sur lo 
Viri ' .ind then huhsequeiit ritniifieutioiiH iiiifi extensions, the 
lioundanes of iiutiinil science have lieen ndvaiieed lieyond all that 
could have hi'cn foreseen, and that iiu'ulcidahle benefits have thereby 
been conferred upon humuiuty. Pohleiir s lesearchi's ujani alcoholic 
fermeiitatiun. at first <'Oiieenie<l with the “maladies'’ of bw*r,’ 
u’ine, and vinegar, led direeth to the mon* deliiiitel^ patliologiral 
investigations of silkworm disi'Bse and antlirax Th(‘ proof that 
these are bacterial ailments was followed by the pnaluction of 
“ vacemeh," and hy tlionc furtlu'f htudies of infectious diseases and 
the nature of iiiiinuiiisatioii which have hud m) enormous an influence 
u[ion the development of medicine, surgery, and sanitation Pasteur's 
later work was the direct outcome of his resi'an-hes on alcoholic 
fermentation , it was in laiigc measure nmdercil itossiblc by the 
eiperiencc and technique acquired in those researeht^ ; and it lafd 
the foundation of the subsi‘quent wonderful developments Irhich 
have taken place in the sjiheres of }Mt;ventive iimlieuie and hygiene 
Modem surgery, like preventive medicine, is a child of the fermenta- 
tion inrlustriea."^ 

> Dr. H. T. Brown, J. /luf. Brwmg, IglO. Bft 301. 
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Nor waN thin lOHiilt a turn* lurky cnruK'qurnc'c, dccidcntal and 
t iVWxpiK'tf'd PiiMtotir, at all oYfiitK, foroHiiw tho )KMwible future 
application of his new idciiH to the etiolof;} of irifts'tiouH and enn- 
tagiuiirt diseiiHCH ' Man Iihh it in Ins |K)ucr to cause paraaitic 
diwoMCH to vanish from the fats* (»f the earth/’ he wrote in his atudiea 
of the silkworm disisise Me fonsaw this jiossibility, and he 
Inhoiinsl towards its attaiiimiml , and on the foundutiona which 
he luiil* (levcloped and extended In other wotkers, the whole siijier- 
Htriietur(‘ of nitKierii bacteriology has lieeri erected 

If the abuse of alcohol as a beMTage has been frniif'ht with much 
misery to the woild, on thc|, other side of the aeioiint may well 
be put the mdis|iutable and inestimable bcnclits which have accniisi 
to the human lace thioii^h the lediiction or elimination of disease 
by discoveries winch had their oMi;in m th(‘ stud;^ of alcoholic 
fermeiitatioii 

Of tin* ilevelopments wliidi h:i\e occiiired sime Pasteur's le- 
fieiirches, MiichneiV. account of “ Meoholic Kermeiitalion without 
V'eiist cells/’ jiublished m IK07, is one of the oiitstandiiijr ])hases * 
It is so, heciuise of the e\idence it allords that feinumtation is not, 
or is not iUH'essaril> , a dins 1 outcome of the vital action of ^Ncust' 
cells, hut rather a dieniKsd aition due to an intei mediate, non- 
living jinaluct (eii/Miie) first elaboratisl In th(‘ Inin^ cell, but 
separable from it Ihichner piovisl that juue piessed out from 
yeast, and containing none ot t he cells can induce alcoholic fiTinenta ■ 
tion in solutions ot sii^.ii, and that diiriiif{ the |irocess there is no 
growth of veast cells m these solutions Kiiithcr important studies 
of till' eii/Miies. Iciidiiig to Miggestne theoiies as to llii'ir mode of 
action, their molecular coriespoiideiiet' with the suhstanees the\ 
act u|M>ji (Fischer's “ hs k and kex ' aii.ilogy), and their bearing 
ii|S)n the niechnnism of immiinisiition Irom disease (Khrlieh) are 
of w'ide general interest , but lhe\ iM'long to the domain of pinsiology 
rather than to that ol alcohol piodiictioii One fiiither name, 
however, may hi' iiK'iitioned hen*, namel\, that of K (* Hansen, 
who from the \ear lS7!t onwanis iinestigated the life-history of 
individual alcohol-pHsliiciiig \ easts, and develo{H'd the inethiMl of 
])riK'iiriiig a pun- yeast by cultivation from a single mother-cell. 

ILvnIling the niimenais deielopments in seieiu'i* and industry 
which din'ctly or indiivctl\ have followed from the study of nicoholir 
fermentation , rememla'ring their presiuit importanee. and nxilising 
their implications of future t»n)gress we iiiav^jiistiliahly aequiesco 
in. and indei'd applaud, the n*mnik of the enthusiast : Omnitt 
acirn/ia ex eerei isid. 


' Ber», 1807 to 1900; voh 39 to 
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Till'. iinliiinrN aloiliot of («‘th\l ulcohni) is chii'fly 

nhtniiu'd li\ the in int'iitalKiii ol .mmiii* fniin nt i.iiKar through (lie 
action ot \casl Tlic iimv he alnsnh cxistnK in the raw 

inatciialh cin|)Io\c(l . it is so fur iiistaiiic. in ^rajic juice, l)n>t 
June, and mol.iss<-s (Mher law materials, however, may not 
eoiitaiii sii^ar as siuh, or in.iv eoiitain it in trivial (|iian1itieH only 
Tliu> 111 cereal.s and |iot.it<M*s. nhuli are some of the chief soureea 
ot aholiol the utilisalile nihstanee is stanh; and in sauiiiiHt or 
wood |iiil|), other suiirees, it is uinmI celhilosi' But whether 
starch Ol celhilose, the niati iial iniiht he eonvi'itisl ndo hu^ar hefon* 
It can he feiineiited hv ve.ist to pUNliiee alcohol 

Starch 111 fai t, is the MUiree of hv far the laiper |)art of the sugar 
from vvIikIi alcohol is eveiifii.dlv ohtaiiied, and it will he iiM‘fiil to 
give joitliwith, in a tew words, a )iieliminai'y idea of the chief 
liKK'e'^s hv whuh this law nmterial is converted into the liiiiahed 
jii'oduct The varnais |ihaM‘s of the o)H‘iation will aftf'rwarda he 
dealt with in gn'atei detail 

The st.inhv materia! la fiist ground, and luMted with water to 
gelatinise the stareh This foims the ** mash," which is then 
saedMiitied hv means of malt, the (onveisiori of stanh into sugar 
being eiTeeted through the aition of an eir/vine, tlkmlnw 
which i.s iircM'iit in the malt The resulting h(|Uid is now' know'll 
as the “wort", it is essentiallv a soliilion of sugar (mnltoHc) 
with dextrin and other iiignslients ohtamed from the starchy 
iiiaU'riul. 

tV|fi\ext, the wort is fiTnieiitnl hy adding yeast (“ pitf hing ”). 
Ab fesult of the fermentation, the sugar m I'onverted into alcohol 
through the action of lertaiii other en/.vines {maltfiHe; zymane) 
which an* jireseiit in the yeast The ferinent<*d nleoholie lk|uid ia 
teriniHl the “ wash." Fiiiiillv. the wash is distilled to si'parate the 
alcohol, and the Litter, if neechsary. w subsequently “ n*etified " 
by further distillation to such a degree of strength and purity as 
may be dcHircck 
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If inolMweH or other Hu^Ar-eontiiiiunt' mntcrial is l)eing nseil 
" iriHtend of Htan^h, the |)n‘liininary MicchariticHtion stages are, of 
c'ourw', uniiecesHiiry A M>lulion r)f (ho iiiatoriul is prepared to 
cnntain a Huituhlo |)ro|M)rtion of sugar, and firniontod directly. 

VVe now |)nM'o<‘d to dosonho more fully the materials and pro- 
(THHOH eiriployi'd, and (In* prinoiplos iiniliM'l^^ing the various opiTA- 
tioii.s 

I - MATKKIALS KMIM.OVKI) 

The possililr soiiiros fioiii wliich alcohol ciin l)o ohtninKl arc 
very iiunicroiLs, since .my .*tuhs(anc(‘ containing cither sugar or 
Htarcli inH\ he u»ii‘d tor the laiipose MoreoviT, not only sugar uinl 
starch, hut nood and other eellulos(‘-(‘ontKining inalerials are also 
in use as soiirce.n of alcohol, and sMithetic alcohol fioin liydro- 
earhons is einergiiig out of the jaiielv expiaiiiicntal st.ige and 
liecotning, oi pioniiMiig soon lo heioine, a legiil.ii loininercial 
product 

Sugar and ‘*laiili. ho\\e\er. aie foiHl>lulTs and thc\. or the 
suhstances containing theiii. max loi this icason soinetinies and 
in some places he tcsi e\|iensi\e toi iim' in iii.djiig alcohol Thus 
eomparatixcK little wheat is einploxed lor the purpos(> anuxliiue 
Potatoes are xeix hiigeix used on the Contment lor making alcohol, 
hut in this coiintrx searceK at .ill 'I'hex (oium.ind heie a higher 
price for onlinarx consumption th.in the diKtiller xvill pay lie 
finds mAi/.e ami molasses more etonomiial. m spite of the fact that 
they are not indigenous prcKlmts, whilst ]N>t.itoes are so Moie- 
over, iminx of the .suhstams's xxhuh lontam staielu‘s and sugars 
do not contain a siitlicient pioportioii to make it protitahle, in 
normal circumstances, to use them in spnit manufacture 

Hence, in spite* of the grc'at number of articlch from which it is 
posNihle to ohtain alcohol, the nialeiials actiiallx emploxeil to any 
large extc'iit are eom]Mirati\el> few TImv max he* groiipcsl into 
the following classes • 

(а) Ntareh-eontuiiiiiig niatoriiiU 

(б) iSugar-eontaimiig inateniils 

(c) (VlliiloNie sulistanees 

(rf) Synthetic materials 

A tabular hotaiiieal sniniiiury of the first two elas.sc*K will bt* 
found at the c>rid of this sect ion (p 22) 

(c() Materials containing starch, of these, eereals and 
(Mitatofs are the prineitial huhstances used in making alcohol 
The ehic^ cereals employed for the iMirjioae are barley, maiie, 
oats, rice, rye, and whrat. Naturally thi*} vary in their content 
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of starch, and in lai^c diHUtlorins tho caloiihitions ns to yiehl are 
haw'd ii|H)n iiiialyHiH of thr ai'timl ctuiHijciiinentri of jirrain in tAe. ' 
The aviTupe values lx* taken aa «i])|>ro\iiiiateI>' the ffillmving 

Nljircli, [N'r coni. 


IWley 

.. 1(0 

Maim 


Oats 

rt.^ 

Kioo 

Ii7 

lly«« 

113 

Wh<>Af 

0.1 

Crt'Oii malt 

• III 

Hry iriidl 

118 


Barley in used m lar^e quantities Kir malting ami 111 the making 
of jKitahle spirits Kor iiidiistiial alioliol. it, is too e\|M‘iiHive to 
he used hv ils(‘lf 011 a laigi* seah' , 

Wheat, for the saim‘ leason i.s iiiiploxed to a r(‘lMli\ely Hinall 
e\t4‘iit and 1 hiellv tor s|n>i ul spoils On thi‘ (*ontimiit, for 
iiistame iiialteil uheat is iisid fni iiiiikinir (•eiie\a “ spirit, and 
also III liievMiii; (ertaiii kinds nl Intp 

Maize IS used lai^ih hoih 111 Kiiiopr .ind in Aiiieiiea It 
Is so e.isils ui'own III the l.ittei loimtrx. and sl.inds .storage and 
lainage .so \iell that it has he«'onie pre eniinentiv a raw iiiatenul 
for dislilh-rs' use 

Oats an' latlier e\tensi\el\ eiiiphned in this lountrv. and rye 
on the Continent whilst rice is oileii ehe.ip enoiigJi to lie used on 
a large siale. heie and ahroiid Other kinds of giain used to an 
iiiipoitant evteiit are millet, and sorghum grain or dark 
Potatoes contain on an avcMge alxait 20 |N>r cent of slnreh. the 
aiiuainl ranging iisimlly Irom la to 24 jh'I' cent They are very 
largeU used on the (Vintineiit for the making of alcohol In 
(leiniaiiN, where about eight million lU'ies of land are devoted to 
potato (idtiMition, iiioie than foiii-lillhs of the total alcohol 
prodmed (S 4 million gallons 111 Ifil.'t) is deii\ed lioni potatoes, of 
which some .'I niillion tons }ur annum an* used for this tiur]iosi‘. 
In Uu.ssiii th(‘ principal sources of alcohol are potatoes and rye. 

Not iinieh alcohol is prcMlueed from potatoes in France, where 
the chief raw materials an* siigar-hei't, nioliiNsi'H, maira', and wine. 
In this country, barlev, oats, iiiai 7 .e nee, and niolaiwes ari' the 
main Hulistanees used Maize i.s the priiieifial Hturehy Rounr of 
alcohol in the l'nit<‘(l iStates • 

In the tropics, starch planta such ns cassava (manioc) and aiTOW- 
root arc coni]Nirablo with fxitatocs as n'ganls starch yield, jind aro 
expected to become more and more important as sinirrcs of alcohol. 
Manioc, in fact, is already employed to homo extent in Enropa 
for the purpose The cassava tubers are about 8 to 10 lb. in weight. 

€ 2 
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They contain nppnjxinmtcly 25 |mt cent of ntan'h, and from 4 to 6 
]{er cent of tci inclitablc Hiif^ars 

All airc (it KKiiiiid ucldiii<r a crop ol li\c tons of potatoes will 
furnish alioiit one ton of stan h cipii\alcnt to IfH) f^allons of ahsoluti* 
alcohol thcorctii alK. oi appio\iiiiatel\ KlO gallons in practice 
From h.irh} .ind oats, the ucid ot .Htarch ])er uck* of land is much 
IcsH, IviiiK Is-twcen onc-third and one halt oF th(‘ fore^oin^ (piantit> 
Mai/(‘, taking the iiM'rai'c \iclit at 27^ hiishcls (.‘iti Ih ) ]M'r acre, 
and the starch /i/av Mif>ai at t>5 |S‘i (ciit , will ^i\c HNHI Ih of 
fcrriK'iitiitilc matter tor cadi mic An average acre of cassaxa, 
liow'c\cr, IS slated to yichl Jo tons ot tiihcrs, ^imiii; ahoiit .71111(1 Ih 
ot (‘\tra( lahl(‘ slaivh.' or moic than doiihlc the amount oht, lined 
fniin an axer.iyi' a(‘ic of |iotato(‘'« 

{h) Materials containing sugar, v (onsalcrahic 

(piantity of alcohol i.soh(.iined h\ tcniiisitm^ Ihejiiuc ot sii^ai h(‘cK. 
In France, the ainoniit thus prodiietsl is ahoiil one third to one half 
of the total output ot alcohol The hetti i \aiielie.s oi heets contain 
from 12 to hi |N>r (ciit of ieiincntahte sii^ar . hut the heets used 
for fcrmeiitatioii pui|)oscs max la, and otti'ii an* Iins lah in suf^ar 
than those emploxcd tor hiet siimii nianut.u tiirc t'onse(|uenll\ 
the xield ot ahsiliol xaiii's i oiisideiahlx. raneiiiL^ tiom II to 21 
gallons per ton ^f loots The xicId ot loots pei iuk* is iisiiallx 
fiom 12 to 2(1 tons 

Molasses, hoth cane and heel, aic another < oiisideralih* soiiric 
of ah'ohol In eaiic sut(ai niolassi's the total ■iinounl ot suirais 
caleiilatcd as dc.\lio.se, ranjres tnini ahout .72 to (IT p(‘r (cnt , and 
hcct-sii^ar molas,s<>,N contain troiii 4M to •7.'1 per (‘cnt ot siiiiose 
TIu' thcoietical XK'ld of alcohol from di‘\tiose is .71 L per cent, 
and fioin siieiose .75 .S pci cent , and the piaelic.d xield is ahout 
S.'J per cent of the (li(‘oiclieal in eai'h (,i.se One gallon of ahsoliiti' 
alcohol is oht.iinahle iioiii 2 2 ualloiis of innc molasses o| axi'ra^c 
Mui;ar-eont< nt .77 7 per cent and s|M'nlic maxitx 147, or fiom 
2.7 pdloiis of licit inolas.si>s eoiitainini; .70 pei lent of su^ar It 
hiifl heen calculated (hat the total quantit,x of ahsihol ohtainahlc 
fn>m the xxorlds production of canc- and licet ■mol.i.ssCH xxould he 
ahoiit 200 million gallons ^ The aitunl ipiantitx ohtniiied is un- 
certain, hut Is of course, xcix iinieh l(‘s.s than thi.s 

Cane-sugar juice and palm sap. In the tropics and suh-trnpics 
eunc-siigar juice, as well a.s the lanc molasses, mtxcs as a source 
of alcohol hoth for mdiistiial jairposes and for nuikinj; spirituous 
hexemges siuli as nun and talia The juici* of sorplnini stalks is 

1 7*0 s.r ItulhtiH, Xu lt;i, llniean nf Srii'iu'c, Manila. 1917. 

* lleruil, J tS'ur Ind, 1915, 84 , 339 
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likcwiKi' ('iiiiiloyitl to miiih' I'xtnit for similar jmiposca Roth tlft« 
siiKar-niiic uiiti tlir sorghum Mnlkn Mold (i.'i to 70 ]K'r iriit. of jmVo. 
Ailiuh coiitiiiiih 12 to 10 jMT <cnt of simaiN 
Tlir Hnp of I'ortaiM \aiiolios ol os])ih*i.i 1I\ tin* iiipn pnlni 

and tlio ('(H'n |Mlm is also un iiii|Miil.iiit 4irlii.d and |nitJ^iitial soiiivo 
of idoolutl In llif l*hili|>|)int‘ Islands thoio iiio uioir tliaji HHMHIO 
iicics ot nipa fialin 
M\\.iin|i, and in 
n r 1 t I sh \ Ol 1 li 
Itoinoo as null li oi 
iiioio irlall\cl\ 
small |i.m1s ol 
\\ li K li a I 0 M 
uorlvod 'rin- sji]» 
liiis an avoiai'o 
Mi;.Mi (on|l•nt oi la 
per M-nt and it is 
culinlatnl that tlio 
Mold ol sap in a 


season IS 

about 

.'ItHNHl hti 

es pel 

licilaic ol 

land 

'Die tol.d 

pro<lm - 

tioii oi all 

oliol III 

the I'liilipi 

lines is 

about 2j 

million 

iiallons a \ 

eai ot 

v\hi( h nine t 

cnihs is 

obtained lioni nipa 

Slip , .ind It 

Is csll- 

mated that 

oP mil 

lion galli 

ms of 

alciihol could be 

])l odiieed 

eat h 

season 




mi (liMMINMl lilsiua IIIOS \Ml 
HI • III l< MIliN III \MM. 

.1 aisiilliiiit iiiliiniii li iiiliiiiiii I'll |•l■llllllll.lr\ |iiiilllf'Ntl<iii 
It l■ll"lllll liir f <iiiii iili.iiMii III If M 'liiil- f II I lioiim ''(11111111 

/ 1111-111.1111 /, h, l•■lll^ iiTi* / A n iiiuuriaiirs n h, 

lijiks loi uiiic .iIhI w.iIii II -in I III! li (liKnit uml liruiK^, 
r.iri-) 


Wine, fruits. - 

III Mino-prodiiciin; (ouiituon a lar{;o ijn.intiti of alcohol 41 
obtained b\ the diHtillation of uinc, both for the niakiii|; 
of brandy and the* prodm tion of indiistiial ahohol SiirjibiH 
stocks of wine are thus used iiji, the iiifm lor kinds scrviiif' for the 
nianiifaetun* of the highK-m’fified alcohol iiscfl in the arta, and 
the better qualities for tlie distillation of brandy Similiirly, other 
sugar-containing fruits besides the grape, cither .surplus produce 
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Of fJV(‘r-H|M‘ or hLh'Ivh, are in aoinc countrioH rrgiilarly 

forincnti'fl anil iliHtllUil aa a aourcr.of alcohol 
Of other, leas irnjtortant, wigar- or starch -containing; inutcrialH 
it 'U’ill Niilfiee to mention artichokes, uhich contain 16 to 18 per 
cent of fcriiieiitahle matter in the iorm of la‘viiloHe and mulin , 
sweet potatoes, used in the Azores and West IndicH for alcohol- 
niakinf;,, and eonlainiti^ nhoiit 27 jiei cent of Htaivh and Niif;ar , 
and asphodel f (Italian " )Minazvt"), a Hlareh-containiiif' tuber 
common in the Mediteinineaii ansi, when* it has binm used as a 
Houree of indiiHtnal alcohol I’l is dainusl that iin acre of asphiHlel 
pluntH uelds I'i^hl tons of the tubeis, from which at least 11)7 f;alloiis 
of alcohol eoiild lie pnidiKed, but some dilliciilties a|ipear to have 
been met with in the rest ilicat ion The Sotol plant, which c;rowH 
ubundantlv in N Mexico and W 1 V\aH. and is em|)Ioved in tlie 
making; of alcohol, is said to mcIiI fioni IH to 2 >’) pdlons (pii'snmahli 
rS fralloiiK) of tHI ]H‘r (cut Hpint pci ton Sisal waste, left after 
remo\al of the lii'inp lilacs, has been used for the prodmtion of 
alcohol in Vneatan . the leaxea coiiliiin about I 2 pci cimt of sugars 
A leview of the plants fiom which alcohol is obtained has been 
coinpilcil b) ,l II Holland .' the table ^immi bi*low has been 
aummarisi'd from Ibis eompdation Maiu of the materials men 
turned aic of on 1 \ minor imtioitancc but the table ma\ bi* found 
useful for lefeiciiee Oats, wheal, buckwheat, and millet aic not 
included m the onmnal 


Plants used as Sources of Alcohol. 


riniil 

1 - Fio’itm 
llrapc vine 
Apiile 

rear 

IVai'b 

< ’berry 

JMuiu 

Pruiii' 

StnialH'iiy 'J'lee 
DtuiMna 


HitliiiiK til Niiiiie 


run rit'f/iMi, Liiiii 
I’l/iUh iiirf/N't, liiriii 

/'i/MO fomniiooN binii 
rmtniH Ik'iilh 

tliMik. 

/'iirtiHN (fruAHN. Jann 
l*iunUK thiMintirii, Jann 
} *1 un u 1 i/oM( «f ira, v ii i 

Juluniu 

lttiNrM.<i ifuirfii, laiiri 
Altl'fti tfrl/Mr S/MfN, lailll 


Date J'liliii /Ve/iiiJ r/m/yJi/t rtf, Jann 

Carol) I’tfutonin mhtfun, jjinn 

Cashew . AmKon/iNm ortn/tnCiu, 

' Linn 

rnekly lV»r O/iuiUm, hp|i. 

C. Afriruii or Dcst'il IhilanthH itqytifiat'a, Jk'lile 
Hate. 


Pine-apple . . . AiariifM Mhiw, Srluilt i. 

Mulberry . .tfuriiA ntifra. Linn. 

Mulberry . . JIforiM u/fta, Linn. 

Jamhulana . Eugema jaintw/ana, Jjain, 


Ill'll* loiind III iisi'il 


Wiilolv ilisliiltiilrii 
Wnli'b iIinIiiImiIimI 
’Wnlelv i1i-.tiilinti'il 
\\ iili'ly liisliiliiilrd 

(iciiiinnv , ('iiuf'iisiis 
(iciiiinnv , CunciiMiM 
(Sciinanv CaniiiMis 

CoiiKti . [lah . (iits'cc 
\Vi*Hl Indies, K A C. 
Arrim, cic 

S,\nn, K|;y|i1. Niilnti, eti* 

Cyprus 

.Mu£iiinl>ii|iie. 

S I'.nioncii 
NiHfini 

Miiliiy Slulei- 
('nueoHiH. 

Kaahinir. 

India, C'«yloii, etc. 


* Keu BiiUttiH, 1012, 113-130. 
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Plants used as Sooroes of Alcohol— wnfinMrir. 

II. -Ru(»r<. TroKHoitH noun, and Root-stucks 

IMaiit. R<t(MiioaI itaim' When* fmiiid or (Mpd 

Potato . »s'olani(m fulirinram. Liiiii iliHtrihiitnl. 

liret-root lifta rulytint, Jaiiu. \Viil<>ly iliHtrilnihMl. 

Swret Potato /;Nfm<Fn /Milnl/uf. Linn S. Aihimioh, Indii^ti, rto. 

('astfava, bitU‘r JI/aniAof Hli/ntuMwi, I'olil Tinpii‘4 

CaHhAvn, JlfdiiiAoi jMi/mo/fi. MU L/ii, Tiiipii's. 

Miioll -Alt! 

Arrowroot .l/drontiiorNNi/ifUAiu, Linn \N liiilu‘h, (' .\iiii‘iA>ii, oto. 

Arlii'hnko MthautfiM liiAi riui/A, Iaiiii l^nro|K , N*.\in('nva. 

^loM'iil A1 iikii«'\ A.Tdi'f.ripp Momiu 

Yam /Jioarorid Mifitii iiml J) Tiupiriil Aftirti, W. Indira, 

dAifd. Linn * •‘Ir 

Tcliiii'<li JjipAwii/iif tiiimioiA, Linn, S Kiiii>|m>, ,\l|;oiia. 

anil A. dZAd.N, W illil • 

111 tIjUIN 

Miirloy Unttimm nihfnit. Liini Kiiiopi>, Amoiiro, (‘It*. 

U\i« (f Jjinii N Kiiiii]h', ol4' 

Maize /id \fdi/«, Linn \ai 1' S \ , et« 

kSorgluini, Pail, m !>nriihum viWdon. JVis , Miniehinui, l‘'iiro|M‘, ric 
( •uiiieii ( '« II 11 .1 ndiniM"ioH t»ii I/A urn , MM 

VM/i/dria, IIhiL 

llicn (>;i/£a vitiMi, Linn \<iia , l')niii]K^ tiiieriea 

Mhi;i * AVidsifii (ordidiiii, t! i itn Iniliii 

Millet I *tiHU urn Ml! mrtum \-m, \fiiiii, Kiirn|x«. 

(Inlri liv Nd Mf/ini, \iii N I'jiiiiipe 

S\h('dt '/VUti udi I iiA/dM , MU \\idi‘l) (liHtiilnileil 

Itwkwlieat Fivjojnjrum im uh Jilinii Kiiii>|K>, Anieiiea. 

IV. iSlKMs 

tSuf'di (.'iiiK Stmhiuiim nffn lunmiu, 'Vnt\m '■> 

JjIIIII 

tiu/i.ii Com /•(( Afdi/N, Linii I S A 

Snjjiir SoikIiiiiii Simfhum ^stinhiiuluHi, liiilia, ('Inna Jhihui, N 

.MiimkIi Xiiieiiiii, 

(■last T ims, (II IMaik Ndd/AoriAod I'l isn \nMiiilia 

Doyh 

Soldi IhtMjUntm l> itumiii. Si hull Mi va o 

Pate I’ulin /Vm mr (/if(/r//i/, m, Linn , liiilni 

Wild Pale . i'AiiaiJ' Ay/riA/mi, Ho\l> Indni 

V. Li-A\Ka - 

Utm'likui. IlirrultHtH sphomhfimm, Kiiro|H> iiiiiJ .\ Aaia. 

Li nil. 

Si*uil Hemp 01 .l 7 di'< iii/(//i(, Mill , Mil Vneulnii. 

HeniMjueii ninilamt, I'ep* 

VI 1 N rT.iJUhS( hNI 1 1 — - 

Palmyia or Hlaek //«/'• r, I jiiin 'liopiral Africa, India; 

Run Palm Ihnnia; Ceylon 

(Jocna init Palm (.'ukk* niai/irn, Jaiiii IikIiu , PhilippiiiPH. 

DuriPaim . . Cnrypha flatOf llo\h India ; Pliilippinca 

Uomuti or Sugar A rrni/a «(iccAdri/f ra, Inihill PlnlipfimeH, Java; Siam. 
Palm. • 

Nipa Palm A’r/id/riitiraiM, Wuniih Plnlippinra, India, ete. 

HagoPalnn . . Ciiri/otd iirma, Linn Tmp Aaia; Malaya. 

M^wa . /fiuiitia Ai/i/ofio, lloxh India; Burma. 

Pulque Magui'} Agavi tUrovunin^ Karu Mexico. * 

* To the foregoing may be added acorn t and liorite ehi'stnuts, 
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,rocenily oxuiniiuHl by Baker and Miiltoii ‘ In lifitli eoaeK the yield 
of alcohol wiiH about 27 {nt (rot of the dried peeled ktTnelti, 
eorn'spoiidiii^ with about l2|H‘reeiit of the fresh imiteiial (deprived 
of the outer ^reeii .shell) The Btiircb of the fieeled aeoriiH wuh 
43 4-44 ;{ {sT'i'i'iit . and of the eheHtnutH, I.'>2 3iMl per cent The 
total aii^iLiH were Acorns, (itS-8 3 , chestnuts, |(Mi 2d 2 ]aT cent 
(r) Alcohol from wood. - Cellulose, which constitutes about 
rA ) pel* ei-rit of wo(m1, can he pnrtiallv ri'solved into dextrose and 
other siii^urs by treat ineiii with ueul.s under ])ressure After 
neutralisation of the iicid, the sii^ais. or the ^le.itiT pait ol tlieni. 
Clin he ferinent(‘d with \east. amt tin* lesiiltie^ alcohol sepaiated 
by diatillalioii <hi the ground of eeonoiiii, sawdust or otiici wood 
wiiHtc in the iliateriiil ciiiploMsI 

The procert.s was developed ou a l.ihoi.iloiv scide hv Cl.isscn at 
the Cniicrsitx of Ai\-la-(*hapelle. ami was suhsi (|iiciitl\ tiled as 
11 iiianufactunnjr expeiiiiieiit at ('Ima^o It was thcie toiiml that 
about 3dt) III of feriiientahle sugars loiild he ohtaimsi iroiii one ton 
of [line sawdust Following these deiiionstialions, a company 
(Tho Classen Li^nin (*o) was foimed to work the ])iom‘Ss com 
inerciall>, and loin plants were elected in Ameiaa tor tiu* 
purpose • 

So far as the pimlmtion ot ah'ohol is i oiieeiiied. siuress has 
been met with, iimloiihledli 'I'hiis a pl.int estahlisheil at (ieome- 
towri, S (^aiolina, was ie)>ortt‘d in P.tll to ha\e lun for more than 
a year, proiliieiiii; upwaids nf 2,tNNl gallons nt al ohol pei da\ ‘ 
Nevertheless, it appeals that h\ MM 1 oiilv one of the tour plants 
n'lnuini'd in opeiation. and the fuoeess was still lepirded as in 
an e\|H*iimeiital staKC'* The industrv has also been tiled expel i- 
ineiitally in this (iuintri. hut iipparentK was not able to compete 
HUcci*SHfulU with the established methods 

Though simple in ])j'ineiple. the pits ess piesents \aiioiis teihnieal 
dilliciilties in operuttoii Since Idl4, liowi^ier impioveiiicnts 
have evident 1> been made in woikinp it in the I'nited States. 
According to one authoriti, a metluMi is now in operation nt 
Fullerton, Louisiana, wlu'ii'hi a iiehl of S ti p.illons of Pa |H*r cent 
alcohol is obtained |M*r coni of sawdust or common woimI waste 
Taking pine wranl at !)2tl lb {N'r cord of 12S cubic feet, this yield 
works out to 21 gallons per ton It is slated that the quality 
of tho alcohol is very goinl. iniich of it lieiijg iis«l in perfumery 

1 Amlnst, 1017. 42. 331 
' J Ind. Kng i'hrm., 1011, 3. 430 

* 8oo " Hy-prtxluclii iif the Liiiuls'i liuliibtr}," liy if. K Benson, p 57 
(Wadiingloii : Uo\t. I'rimtcr. 1916). 
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The nutput of tliiH plant m niiH t<i hr 2,(NN) piHniis (icrday 'llw 
Goorgrtuwn ilistillrry. inrntitmnl uliovr. latrr (1!MH) turning 
ont 2.r)0(l galloHH On arrount of thr ilrnianrl for alcohol in making 
iniiTiitions of war. thr ])nK‘rsh u.is no doiiht i(‘niiinrrati\r .it that 
time, lint it rriiiHin^ to hr srrii uhrlluM' in norni.il ch^'iiniManrra 
alroliol so pnaliicrd vsill In* ahlr to hold own niranist that from 
inolassrs and othrr soiin't's 

Arronimg to Mr t' F (‘loss the dillnullirs hiUi* hrrii so far 
o\rrL'oinr ais to allow of alcohol hmii! ]iiodiiccd on the large scale 
iita\er\ lowi'ost I’ndei the mo.s1 ta^ouiikhh* conditions howe\rr, 
the \irld of ah oImiI .otiialh ohtaiiicd icpicsinls onl\ .ihonl N jicr 
('('lit ol thr (ellulo.se content ot the wood * haigt'r Melds, howe\ri, 
.ii-e possihh' . and wood waste must he i oiisidcit'd .1 \ci\ important 
MW iiiateii.d for the isitenti.d |iioi|ii( tmii of aholiol in wi ll timhrird 
coiintru'S The mamifactiiie is desuihed in mi'iitei di'tiiil further 
on (p !M>) 

(‘ousidc'iahle (piantities of aholiol ai(‘ now heing made fiom the 
waste li(|Uor piodiici'd in the miumfactiire of wood pulp hy thr 
■■sulphite’' process This waste lnpioi contains from IJ to 2 per 
cent of feimeiitalile siigais, aiising jrom the •ntion oi sulphites 
on the woikI , and aholiol is iniKliieed fiom these sugara hy 
neutralising the li<|Uor, fermentniL' and distilling it In Norway, 
two plants aie now (litlS) in opeiation lor this piiipose, whilst in 
Sweden four are wolhlllL^ and three moie aie hemg eiis ted About 
one million gallons of aholiol jtfi nmum aie hemg turned out. hy 
the four Swtslish in.stalments In (lermuii\ thirteen factorma 
ha\e hern built foi the same jairpose and |>rohahl\ are now in 
actual woiking 'I'heie arc also two pi, mis m thr I'nitfsl States, 
and one in Swit/eihiiid* To devi'lop the inamilactiirn of this 
■■ sulphite sjiirit " 111 Sweden, it has hern proposed olliciallv that 
the ])r<Hluctioii and sale of d(‘iiatured alcohol for the ]»ro|)iilsion 
of motors and for other teehiiical pui|s>ses shall he ri’served na 
far as practicable to the sulphite spirit factories Further, tlif‘W 
estahlish merits are to haee the exiliisivi' right of denaturing their 
alcohol with benzol 

Alcohol from wikkI usually eoiitaiiis an apiireeiahiu (piaiility of 
methyl alcohol, and 111 this country hikIi a pnMimt could only he, 
used for making niethvluterl spirit or other \uriety of denatured 
alcohol, not for making iH'veruges 

Peat has been (idvocatiKl as a {HiKsihle bouree of cheap alcohol 


I ,/ iS'ar Vhm Ind . 11117, 86, HA*- 
» |i .TolinMn. i&uf . 1018 . 87, !»), 
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, ilTiho United Kingdom ^ So far, however, thw maU'rial haa not 
been imed conimoroially for the purpose 

(d) Synthetic alcohol from calcium carbide or 
acetylene.- It has now brooiiir eoniniercially practicable to 
prepare nlwihol Hynthetically. an well as by the feniientatioii 
incthodM. The mu niattTial f'lufilo^i^d in the hydrocarbon gas 
acetylene, ('|H, or rather caiciuni ca^bi(b^ uhich n-addy yii-lds 
aq(‘tyle^c on tn‘aiiiicnt uith water 
Acetylene can be converted into ethxlcnc. ( yi 4 . or into aldehyde 
( jH/), cither of wlih-h HiibatanceH can fiirniHh ah-ohol 
Cah iiim curlnde. (‘a( j, w obtained by healing a mixture of coke* 
and lime in the <‘h^‘tric furnace 

Another caHiide is said to have been pitMlmed uhieh \ields 
eth.vleiie diivcll>, lUHtead of acctvlciM* when treated uilh uatcr 
The piirtieularH have not been disi-hwisl 

II.- TllK IU(K4tlOMI('AL AdKNTS KNZV.MKS, MAIT. 
YKAST 
Knz\ mi-x 

Ah alread^v indicated (p 17) cnz\nie.s plav a \ei\ im]iortant 
part, both in the priMliietion of Migar from .staicli and m the (on- 
vernion of Hugnr into alcohol 1’hc\ are nitrogi'iums compounds, 
either albuminoids or verv closely related to albuminoids m composi 
tion, which occur in all luing organimiiH, uhethei animal or vege- 
table Their funclioii in the orgaiiiHin appears gen(‘rall\ to be to 
attack iiiNoluble nmteiialN intended for the HiiHteiiancc of the anim.d 
or plant, converting them into more Holubh' and more dilTusibb^ 
HuliHtnnccH, and thus making them more available for mitiition 
Ptyahn, for example, the en/.vme contaiiicfl in .saliva, and also 
amylnpuiv, pre.s<*nt m the jukr of the jiancn'as, both have the poucr 
of conveiting insoluble atarch into soluble sugar. They thus 
rescnible diastase m their action The pcywiw of the gastric juice, 
and the trifjisin of the {vanercn.s, each converts insoluble proteids 
into Nimplcr ])rotco.s<'s and jieptones, rendering th(*m more fit for 
absorption ; whilst lijmw. which wciirs in the pancit'as and also 
ill variouH set'ds, s])Iits up fats into glycerol and fat tv acids The 
gynwsf of yeast converta sugar into alcohol and carbon dioxide ; 
the maltasf of malt transforms the 12-earhon sugar maltose into 
the 6-earbon sugar di'xtrom* * 

Thus the enz vines can lie elassiflvd into groups accortling to the 
kind of action which they exert, ('hief among these gyoups for 

* Motor I'liiun Arpiyf, p. jjO. 
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our prcdont purpose aro (i) the diiwtatu- vtm mw, whirh hydioljw 
Htarch ; (ii) the inverting enzymes, uliieli transforiii cane-HUgar 
into iiivort-sugar. or maltoHO into d4'\tn>M‘ , (iii) the alcohol- 
producing enzymes, e g . zyinam* and its (•o-(*ii 2 ;^ me , and (iv) thi* 
proteolytic enzvines, ’which c<»nvert pioteiiis into simpk'r bodies 
such as pe])toncs and umino-acids 
Flnzyines are soluble in water and an* coagulati'il bv lu‘at Vroiii 
their aqueous solutions exci'ss 4if alcohol s(>]ianites tliein us uinor- 
phoiis, white ])reeipilatcs, as alni docs aniinoiiMim suljthiite Tlie 
precijiitated enxviiu's an' dissohed b\ ^l^icrol, and these Holiitions 
c.in be jiresi'rved for a (onsidciablc Innc the solutions in water 

s4M>n d«‘coin|)os(‘ When coniph'tcK di\ the (‘?i7.\nicH may be 
cxpoMwl to temiMTatiircs as high as MN) in without destriie- 
tion of all tluMi charactciistir |>ro|M‘rti<‘s but in a(|ueous solution 
a teni|icialurc of H(l to iMt" iisii.ilh de•»^^^»^s tln‘ir actuities They 
act at ordinary or slightK cicvatisl Icinpcratiin-s , below 0" ihcir 
actixity is sUK|H‘nd(‘d, and it is Icsseiusl at about (Ml ', though they 
arc not all e<piall\ H'lisitive to tlu- etbs-ts of lu*al Then* is a limited 
i.nigc of 4>|itimiim tcmperatuic f<»r ever^ i‘ii/Mn(‘ , thus diusUiHe 
acts best at about ritl-.M ', and invcilasc at about 'm 

One notable fact about cii/yiiu‘s is that a \crv siiiall quantity 
will sullii‘c to liansforiii a rclHli\<‘l\ enoiiiious amount of the 
hiibstame acted upon Thus one pait of invertase (sucraHiOi 
accoidmg to ( I iSiiIiuaii and Tompson, (iin iiiveit 2(NMMNI jairts of 
iMiie-sugai In this rcspci't the (•n/Aincs icseinlilc eatal^ists, mid 
they an* also siinilai in the fact that the\ aie \ery seiisilivt* to the 
presence of ei'rtain chemaal substances such as h\droc\iini(‘ acid, 
fonnaldehyd<‘, and iiiei(*urv sidts. winch rcmliT Ihein inactive, 
much as ciitnl,\sts arc " |Kusoii(si ' b\ nimiitc quantities of c(>riiiin 
1)0(1 ies 

Another rcinaTkiible fact is that a gnim eii/Ame can only act 
upon a certain class of siibstaiices it has its own spiviiie action. 
DiastuM^ hydroUses starch, but not protcids . ])i>p.stn iittaeka 
proteid.s, but not starch Neither of Ukm' will split up fats , whilat 
lipaao, wrhich does this, cannot break up eitluT (‘iirboliydrates or 
proteids Further, th(>re are s<‘venil examples of sugars, which 
eziat in twe optically iHomerie forms, and of whicii one. uoincr ia 
suaccptible to the attack of an enzyme, while the other rcraaina 
unaffet'itHl, Thua cf-gluA)s(> is fermented by certain yeasta, but 
Z-glucoHo ia not These faeis suggest that there is a close resemblance 
in structure between an enzyme and the aubstunce which it attacks. 
They have led to the hypothesis that the molecular configuration 
of the enzyme and that of the sugar it ferments are complementary, 
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^0 that “ thr one may U* Haul to fit the other as a key fitK a l(K‘k '* 
(K FiHeher), or •“ as tmile aiirl female sen*w " (I'asteur) Nolliinf', 
however, is adiialh known of the iiioUrular stiuctiiiv of the 
enzynies 

AeeonliR}! (<i Adrian Hroaii,' (he (‘iizyine invertase in its action 
on eane-sii;!ni coiiihincH with the Hii|{ar to form a inolecuhir com- 
]Kaiiid, which docs not dciom|K)se instantancoiisix. hut exists for 
a percept ihle interval of time h(‘foie final disruption O'iSiillivan 
and Tom|)sori liad picvioiislv shown tliat the activity of invertase 
in the presciKc of cane siijrar survives .i tempeiatiiic which com- 
pletelv dcstrovs it if cane sii^nr is not present, and thev regarded 
tins as indicatintf th( existemc of a < oininn.ition of the cn/Ainc 
and sii^'ar nfolci ides Wiiit/* h<id also shown that the eii/vmc 
|Mi|)nin ap|M‘ars to toim an msoliihle (ompoiind with lihiin pi cv ions 
to the hydroivsis of the latter 

It jiiav he noted that in iiKMlern cn/vnii' tiTininolo^v the ending 
"as4‘'' is us<‘d to denote an eii'Mine, the Inst pait of the ii.inie 
indicating the siihstance atlacked hy the I'lin me Thus the en/\ iiu* 
iiialtasc attaiks the sugar nialtosf , l.nt'isf attacks l.ictosr , and 
so on Hems' the modem term lor di.ist.isc is itmubiM {unufhtm, 
starch), and for invertase sime this cn/\ me .itt.u ks sm losc 

Ihit the older terms are fmpieritlv used, cspcci.illv the loin: cst.ih 
lished ones, like diastase 

Diastase (amylase). The piiiici|).d diastatic cn/vmc is the 
ainvliisc or diastase of malt that is. of geiminatid h.nkv It 
was till* liist eii/vme to he isolated rcisoz and i\nen* eflcctisl 
the Hc])aration so tai hack as the veai I.S.‘{2. though the diastase 
obtained was oidv a verv impure priNliict 

Harley which lias not germinated contains a dilTcicnt form of 
amvhise (" hailcv diastase ’). termed hv Hrown .nid Moms ‘ trans- 
liH'iition diastase" since its liinction appears to he the conveixion 
of starch de|K)sited in one part ot the plant into sugar lor trails- 
fonmee to another part, wlieie it is again dc|K)sited as starch The 
ordinary malt amviase was termed "diastase of secretion." ns it 
is ehieily formed during the germinating prisoss liv secretion from 
the Hciitelhiiii of the emhrxo (See under " Malt," ]) MS) 

Mall amylase ipiieklv dissolves starch, converting it first into 
dextrins and then into mnitosi' It acts best at a tein|MTaliiie of 
about (122— IMl" V ) At about (17(i' F ) it becomes 

iimctivT, and begins to eoagiilutc 

Knzyines of the am.vlase or diastivie class, however, arc hy no 

1 Traiu. Vhem. Soc , 1902, 81. 388. > Ibui , 1890, 67.* 865. 

• Compt. mu/., 1880, 91, 787. « Ann. Chtm Phyt., 1833, [ii], 68. 73. 
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means ennfinni to barle\ They found widely dislributiMl 
tlirough the vegt'tahle kingdom, in folinge leiivtN and uiigerniinated 
He(*ds. jHirtieulnrly in llie nieiiroiie laxern of the seiMl-eouls In 
some Hiuull ('ontinenlnl distilleries, for iiistiinie. iili-ohol is miiile 
from raw lye, \iitlnHit malt of an\ kind, whether Imrli 4 \ -mull or 
other The diuhtase present m the raw gram siilhees to saechanfv 
the stareh dining the iiuihliing operation SmnlaiK, it has been 
loiiiid that the bran of wlu'at lias a high diastatie )iower, Miflh'ienl 
to allow of bran being (‘inploxed t('<hnieall\ as a Mi(rhar*f\ mg agent 
of slari'hv niiilerials in teiinentation opeiatioiis > 

IViNoz and Pa\en obtained then diaslasi b\ heating a 1*0111 water 
e\tia<*l of malt to 7tt tilteiing liom eoagiilatnl plol(‘ln^. and 
pii'eipitatiiig tin* diastase b\ addinu .i laige 4|iiantitv of 
absoliiti* ah oho] to the liltiate Tin* diastase w.is then further 
puiilied liv re-sohition in water and re pieeipitation with 
.iholiol aftei iliMiig at ltf — -.“10 , it was obtained as a white, 
tasteless ]iowder 

.\ mu( h bettei pre|)aration is obtained b\ lantni'r's method This 
consists III ( oneeiitiatmg a strong water (‘xtrin I of malt b,v free/.mg, 
.uid pi-essiiig out the extiait fioni the m* thriaigh a lilter-eloth , 
the mjnrioiis elicits of heat upon the eir/Miie aie thus luoided 
Tin diastase is pieei|iitat(‘d iiom the 1 om entiated extract liy 
addition ot ammoinnm sniphati* 

•I It Oslioiiie* has (aiiiiHl out an m\i stigation m which the 
diastase was prep.iied b\ an elaboiate luetlnMl in\ol\ing repeated 
(liahsis. salting lait * with aiimiomnm sn1|ihiite and se\eriil 
preelpltlltloll^ bv ahohol The purest Niinple thus obtained had 
the following elemental \ (ompositioii 
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This eomiwisition ngiers eloseh with that of a |jroteiii body. 
Naturally, the exact eom])ositioii depeiids u|K)n the degn'e of purity 
reached m the diiihtase ])repared , thus one of lantner'.s jin'jNira- 
tioriK showed iniieh le>s nitrogen and mud* more ox>g(*n than the 
foregoing namelv. nitrogen 1(14 per leiit, and ox\gen ^14 5 per 
cent. Ohbnme's ]nin*si diastase hatl a diastatie jsiwer of (KN), 

^ r.S. r. lI78U.rj , sue J. hut Urrwing, 1018. 24. 2l\ 

^ J. Anur Chtm Hw.., 18U6, 17. 687-1103. 
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flXpmM(*<l ill t«*riii 4 ()f 1 jninor’H or hIx tiinoH that of the most 
active |)re))arati(»n obtained by IJntner himSrlf 

F’iirili(‘d malt nm^liiNC (diuHtaHu) witli ii imieli higher diastatie 
power than ONborne's has, however, bei‘ii obtained by Sherman 
mid iSeh||eHirig<T.‘ W(jrking oh follows 
(Iroiind malt was extracted with two and a half times its weight 
of cold water, diliiti* ah'ohol, or a very dilute solution of sikIiuiii 
nionophos|)bate. for one and a half to two hours at a tom|M'ratiire 
of about "10" The extract was then decanted or tillered, and 
dialysed in i-ollodion bags against ten times its voliiiim of cold 
water (t(‘m|H'ratiire 7 -lii*) for 2.‘» to 42 hours, w'ltli two or threi' 
elianges ot tiie (balvsale , nevt it w.w liltered, and an (‘qu.il volume 
of aleuhol or acetoiu* addinl The precipitiite pnxlui'ed w'us dis- 
rardiii, and lurtb<‘r aleuhol or aei'tone addl'd in ((uuiitity Miitfiei(‘nt 
to bring (be final (‘oiicent ration up to 0.1 or 70 p(‘r (riit The 
pR'eipitate thus obtained was separati'd and dried m a |mrtial 
vacuum over Hiilphurie aeid at about 10 So far as praetieabli'. 
this temp(‘ratur(> was maintaini'd tlinaigbout the operations, and 
in any eahc the t<‘m(M*intur(* was not allow(‘d to rise above 20" 

Of a number of s|H‘eim<‘ns thus pr(‘|»aii‘d, i;i had diastutie jsiwers 
('(tuivalent to 1200 IKfM) on laiitiK'r'h scale, and seven gave values 
eorrespoiiding with iHiKt 2;hKi Kven thi‘S(‘ values, tliougli the 
highest \('t nx'ordi'd (or malt ainvlase, were lower tb.in those 
obtuiiK'd by the autbois with imiiemitic amvla.se The prisliict 
(from malt) was a vellowislewhite substance giving the t;^pieal 
protein reactions, and under the ultra microseopi* it had the appear- 
am'e of a colloid It eiuigulatdl when hi'iitdl in ai|ueous solution , 
tiu* coagiiliim gave a violet blue, and the solution a rose n‘d. biuret 
renetion, Tlie most active Hfieeinii'n contaiiwd about 14 jier cent 
of nitrogi'ii 

Diastiuse when quite diy can witlistand a teiiipi'rature (»f i.'iO". 
becouiing inactive at alsait laN"'. 

Solutions of ain,vlase for ket'ping are l>(>st prepanil, according to 
Chrzattter. and .fosi'lit* by exlnicting malt, not with the usual 
solvents (water, alcohol, acetone, chloroform), but with aqueous 
glj’ceriii, n({ueous pyriduie (3 (5 per eimt ) or quinoline water The 
glyi’erin is pri'ferably used at n concentration of about .70 per cent., 

* but any stnmgth iM'twwn 20 .and 90 |K*r cent can be eiiqiluyed. 
hlx tracts pnqum'd with these media, and containing o to 8 per 
cent, of diastase, have bvi'ii tesUii as regards their stan'h-liqiiefying 
iiow-er, saeehorifiing jicwer, and dextrin-forining power. The 
rcBulta show that there is no definite relation between the liquefying 
' J. Amtr. Vhtm. Soe., 1913,36, 1017-1023. ‘ Butchem. Zeitseh., 1917. 83. 211* 
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power of amylase and its saccharifying power ; this suggtwts tb^v 
thcM' twit fuiietioiib iimy Im* due to ditfen'iit enzymes. The dextrin- 
forniiiig [xiaer variw mainly in lu-eonhiiiet ' m ilh elinnge of liquefying 
pow'cr, but the n'hiihs are not euneliiHive an to the relationship 
betwcHUi the two functions , 

Cytase (cellulose) m another enzyme found in gi'riniiiating 
barley It attacks the (4•IIu^»s(‘ ualU of Ibe cclU wliieh eiielose 
the Ktarcli, softening or disHolMiig them, and (hus iillo\fing the 
diHstuse to obtain aicesn to the stnrdi and exert itN*solvent aelion 
upon the latter 

Sucrase (Invertase) is an euz\ nm preMiit in yeast, and also in 
mult It b,\ drol> se.s cune-Hugur, iniuertmg it tnlo “ invert-sugar," 
a mixture of dextrose and 1 u‘\uIoh‘ 'I'he optimiHii temiH‘raturo 
for tins action is .sVtiO . and the cn/Miic is rendcnsl iiioi'iive at 
To It can be obtained fnmi visist b\ lirxing the latter at 105“ 
ami exti acting it with cold water the Mointion being then pn^- 
eipitateil bv aiidmg an ev(s>ss of alcohol The ilrieil enzyme may 
be lieuted for some time at 140 lot) witlioiil destroying ita 
propel lies 

Maltasa is another enzune wliieh iN'eiirs in malt, and also in 
man\ \ easts (Voft Hill obtained it fiom ordinarv brewery yeust 
In extiaeting the dried mnterial with a dilute solution of WMliiiiii 
IndioMile and toluene' It nlliieks nmltoHi*, transforming it into 
the sim)ilei sugar dextrose, the optimum teinperuturo for this 
efTeel lieing 40 .\t about •TO .m' , it is reiidensl inactive Maltnse 

IS not \cr> Holublc in water It exert'S its niaxiinum activity in 
fciiiitl) add solutions, but is ver\ sensitive towards alkalinity or 
excess of acul 

Zymase is the enzyme, siH-reted in the \ east -cells. wbieh flireetly 
])r<Khices ulcoliol from dextn»te and fioin lun'ulose It will be sivm 
that from the point of Mew of alcohol pnNluction the action of all 
the. foregoing eii/viiu’s—iytase, diastase, maltasi', and Hucrase— 
is, as It w<Te, n jirepumtory action, bruiging the matiTial into a 
form in which it can be uttacktsl b,\ the zyinaw* (l^ taNe facilitaleN 
the action of diastase uixm starch up to a certiiiii point ; diastase 
transfonns starch into niultom*, and inaltaw' converts this into 
dextrose , sucrose changes eane-siigar into dextroiu* and laBvulose ; 
ami it is the two final producta, dextrose and IsvuloHe, which ar6 
attaekixl by zymase, and converiofl into alcohol Zymase does 
not itself transform either starch or cane-sugar din>ctly. 

The enzyme is contained in the licpiid contents of the ycast-cells, 
but it cannot imss thniugh the cell wall, and hence can only be 
> Trans. Chem. Sac., 1898 . 78 . 034 . 
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obUincfl by rupturing thr pcHh A inothod of doing thia was 
pablinhi'd by K BticbrMT in IK!I7,' and it ninrkH a great step foiward 
in oiir kriouledge of the feriiieiitutii>n prix^cHWH In Hi^parating 
tho (rll-.snp or ‘‘.\caht jiiur,*' Ih^nIi lin^uiiig-yeAHt. fro^ fn>in 
adherent wjjlci b\ preshun^, mah grouiirl up uith ipmrtz und and 
kieHeIgdIir ni order to rupture thf‘ eells The rertultiiig piuHlic 
iriasH MUM tlu‘ri iiii\t‘d with water and srpii'e/ed through clotli in a 
hydraiilK- prew, at a presniiii* of 40() to /itM) atiiKHpheres. The juice 
tliiiN e\)ireHHe<i wiih a hlighlK opalescent, \ellow li(|uid, which when 
iiiixerl with solutions of dextrose, griipe-Hiigiir. cane-sugar, or 
maltose lapidly feriueiittsl 'theiii, although no organisin xisible 
umler a liigh iii.ig«if\iiig jMiwer waa ])resent. n(»r eoiihl such be 
detis'ted e\entwh(‘n the solutioii.s had biS'ii feimeiiting for moiiic 
dii\H Kiirthei'iiioi'e, the leimeiiting power was still retained after 
the juice had Im-cii liltered through a Heikefeld lilter, which would 
retain an_\ organisms of the size of \ea.st cells . and also after being 
dialyned through |)ar< hiiieiit paiuT Thus the fermentation was 
n<»t due diK'ctK to the aidion o| \east'eell.s Moreover, the yeast 
JUUT could iikIikc the fei mentation even when poweifiil jiroto- 
pla.siiiie poisons such as ehlondoim iind sodium arseiiite wert» 
pre.sent, so that it was not a ease of the fermentative aetivit;! being 
due to particles ol living protoplasm In laet. tlie fermentative 
power was shown to be iliie not diivetlv to anv vital proee*ss, but 
to a (heniKal or en/.vnie action of some eonstitiient of the ;^eaHt 
juice, and this eir/vme Uuehner termed “'/vniase " 

Haiden amt Young subse(|iientlv lound that b\ siihmitting veiist 
juice to liltiatioii thioiigh a Chambeiland lilter coated with a tilm 
of gelatin a residue was lelt upon the lilter Hut a very lemarUable 
fact neither this residue bv itself, nor the lilt rate by itself, was 
enpable of setting up iileoholie fei mentation When, however, 
the two portions were reunited, the mixture |)r(Hlueed almost ns 
active a fermentation as the original juiee * The active constituent 
of the liltiate is desigiiateil the ‘ eo-enzvme ', the en 7 \me is 
contained in the colloidal lesidiie left on the filter There is evidence 
ill favour of the view that the eo enzvine is prohablv acetaldehyde, 
though at jireseiit this cannot be statisl with certainty* 

Zymase, or at least a solid prejiaratioii eontniiimg active zymase, 
itiny be ohtainisl as an amorphous {Kiwder b;i pris'ipitaling yeast 
juiee with alcohol, or with a mixture of alcoljol and ether, or with 
acetone One volume of juice, for example, is iioiinsl into ten 

^ itrr.. lSil7. 80. 117 . also xnh 31. 32. uml 33 

* A. Ilimlfn, " Alcoliiilir Komirutatioii.'* l'ha|i. IV. 

■ llMnlcii, Hutchtm J , 1917, 11, 64 
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volnintfs of aiH'tont*. tlii' iiiixtun.' rapiftl,\ oeiitrifugi'ii, and ilie liquid , 
dei'anti'd ; thr |>r(Hi|iitHto in unsliHl witli nct^tono'nnd wiih ether, 
and then (Ini'll oxer Milplmni' ni'ul Tin' n'hiiltin); aiiiorplioiiti, 
whiti' pottder diM's nut dbtsniM' cuiiiph'ti'Iv in wati'r, lint w nearly 
all Moliilih' in 11 nnxtnie of u liter and gl>c('r()l (‘oiitniuinR from 
2 .'j to 2d |M‘r cent of tin' latti'r the Miintion thuM ohtniiUHl ia 
praetioully as aclixe as tin' ori^iiial jiiu'i' in I'fTi'eting aleohiiliu 
feriiK'iitation 

XynuHi' ajipcars cuiiiilih' of withstanding a t(‘ni]K‘ratiire of 100" 
for SIX honis at least, smrediusl \e.isl \shich liax Ihs'II thus In'uti'd, 
and so dcpiivcd of th(> power of ^rowt^l and lepiodni'tion, is still 
able to feniicnt .sii^ar and to fiinii'ih an active juice 

Endotryptase is a luotenIxtK en/.viiic wlmh (srurs m yi^ust. 
lake /Miiase. it is ininicd within the ceils and cannot hi' extrnetiHl 
until the cell Is ruptuied , it is tliercfoi'e ioiind in u'usl juice It 
coiiveits veast alliuuiiii into simpler priMlucH tyrosin, leuein, 
etc — .lid Is 111 intciest hcinusc it is helievni to have a digestive 
action upon the /.vniasc of the tii'sh jiiue This would I'xplain 
the otherwise pu/xlnij! f.ul that the juue (juiikl} Iom'h its fi'iineil- 
tative power in the (swirse of a da\ oi nioie. aeeoiding to the 
tein|N‘ruture at which it is kept 

Hexosephosphatase is the tcmi applied l»\ Hardi'n to a 
hxdrolvtic eii/viiie wliiih is eoiihidered to lie prchcnt in yeaat. 
Its i(Vt‘ in ti iiiientation is to ihsoniposi hexosepliosphatu into tli(^ 
liexoM' sujrai and flee fihosphale ' 

Lactase, an (iirxme wlmh hvdiohses milk siijiar, ot'eurs ill 
kephfi ferment ond m a few lultiiie vea.sl.s. hut not in ordinary 
^xenst, wliieli tlierefoie is iiiiahle to feiiiu'iit inilk -sugar It eoiiverta 
lactoM' into r/-glueoM‘ and »/ galiietose 

Reductase. - Veast ]iossesse.s iiiarki'd reducing jioxver lowarda 
(rrtaiii substaiiees rrj, methxh'iie blue and simIiuiii Ki‘lenit4‘ and 
it is eoiisidered that this projs'itx is due to an en/.ymt‘ wliieli hiw 
1)1*011 termed ‘Tedudase * It ms'iiis iirobuhlo from recent work 
that thib substame plaxs an ini|sirtunt jMirt in the jihenunicnon of 
aleoholu foniientation ‘ 

Carboxylase. - This is the name applied to an (‘nx}inc, prcaont 
in yoaat, which has the pn»|a*rty of fermenting pxruvie acid • The 
latter substance is an intermediate comiiouiid foriii(*d during the 
alcoholic fermentation iif sugar. 

The proteol3ftic enzymes of malt are of considerable 

' “.\lruhulir Fpirnriitutiun,*' 1911, p 49. 

' Harden and Norrw, FtorArm J , 1914, 8, 100. 

■ ('. Ncuberg, Htoehfm. Ztiiack., 191fi, 71, I 
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f f iin|)ortancr', inuRunich as thoy broak (loan tiu* cfaiiplcx proteins of 
the into Hiiiipler piodiietH, iiuiiiel}. •'ilbuiiioKes, peptniieK, anil 
aiiiifJes.thiih reixleiiiiK Ihciii soluble and liiiTuhible, and making them 
available, as initrieiith ol the \euMt during the subsequent fermenta- 
tion ])ro(\-ss Then* appear to be two of these en/Aines in malt, 
one a peptase, uhidi eonxeits the albumins into albumose.s , thn 
other a tryptase, wlneh etTeds a more eompli‘te transfoimalion into 
amides anil ammo bodies siidi as asparagine The former nets 
rapidly, and has its o]>tiiniini tem|H‘iatuie at ol , the tiAjitase 
action Is .slower and the most faxoiirable temperature is a little 
lower iiameix, between 4 ') and oO Holli act liest in a slightly 
aeid medium, alkalis relani then aition 

Three pio‘teol\tieenz\me.s have also been toiind in \easl * They 
are analogdijs to, but dilTei in some paitieidais from pioteolvtie 
eriK^Miies of the animal oi'ganNm 'I'lnv eom|iiiNe (i), a veast 
/u'/MiM, whieli can degiade prottsiH to |H‘p|ones but not tiiithiT, 
(il), a veast wliieli iloes not ad on the pioteiiis of \east 

itself, but can demade leitain pioteins, siidi as aeid albumins, 
gelatin, and eaMMiiogen, into |ieptides ami iimmoands, and 
(in), a U'ust ereptase, whieh leadiU degiades peptones and pol\- 
peptules into ammo at ids 

The onl,\ other sueioelastie en/\im‘ lh.it neiil he mmitiomsi here 
is mellblase, whidi is eoni.imeil m bottom ' \easts but not m 
yeasts iiseil fta ‘ top feimeiitatum It mveits tin* sugar 
nielibiose, itsell a proilui t ol tlu' ]i.iiti.d h\dii>l\sis of ialhno.se, 
found III .siigaidieet.- and also m b,iil(>\ llenei> the Imttom v easts 
ean ferment lalhmisf eomplitt'lv. whenas the ttip tiMmenl.ition 
feasts eiiiiiuit dti so 

** Phosphatese/' Ihioie leavnu* the siibp'd of eiiyMiie aetion 
we max note that in some tases this aetioii has been shown to bo 
rexersible elhs'tiug a sxnthesis or eoudenNatit)n iiistisid of a 
hxflrolxtie decomposition Thus bv aetiii:; upon dextrose with 
imiltnse, (^olt IlilH obtairusi exiileiiei' tii the |iiodueti»n of maltose 
(or istiimillose , Knimeihiig^) lapa."!' whieh deiompn.ses fats 
(esters of gixteiol), ean sxnihesise the eMer e(h\l butyrate from 
etbxl aleoliol and biitxrie aeid, and otber instant es of revursu 
iietion are kimwu 

Of these max be nieiitioneil that tif the eii/xme “ phosphnlese," 
whieh ean he sep,iiated fnim the /xmase lomplev ft sxiithesises 
the hexosephosphate tiF xeast • 

‘ K (! Di'niti)-, Utnhem 7f}t'vh , 1917, 81. 199 
* 7'rfiriA ('Atm .SVir , 1K9X, 73. 934 • A.r, 1901. 34, CUO 

« Kuli'r. (llilM'n, .1 .lohuis>ii>liii, lUmhtm. ZrUvrA., 1917, 81 402. 
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Malt. 

Mnlt is p'.iin, uMiall\ li.irlou in ^M'lniin.-itniM li.is hrcn 

artilitiallv indiiu-d alltivKil to iniHml .is iai .is Ik' 
and tlicn stdpiHHi li\ a iiuxiti.di' dr\in^ ot iJir l'niiii .it tin* ordinan 
ti‘in|M‘raliiri‘ ( ‘^rn n iii.dl ‘ ) fullimtd in i;4M]«‘nil li\ ji shiw a|>|i1ii'M- 
tiiiii of lir.it (kilni'd iii.ill) M.ii/(‘ o.its i\i* and ulirnt .iir 4 iIm» 
nialtrd. lint air pnii.dU used in loiijniiitinn uitli in/iir or Irs^ 
|jailo\ iii.dt 

Tlir 1 iTri t oi iii.dtiiK; is to di‘\ilo|i tift* i‘ii/\ nil's of ilir linilry 
vraill , to Mioditx (lir liAtiiii ol tlir ^ri.iiii li\ i oiiN^'i I llii: llir li.ilii, 
toilL'Il < HIM intii.l fll.llllr, llli .d\ olir . .Hid III t lir i .isr iil kdlird lll.lIl 
to jiioiliiir .1 jiliiiNiiit ll•lin.ltll 'll liisiiiit\ ll.iMHii top'llirr witli 
.1 rrit.iiii .iiiioiiiil 111 .iiiiliri oi liiouii iiilniii 'I'n tlir lirrwrr oi 
lirri tin* ll.ivoiii .iiid loloiii oi tin* iii.dt an* ol iiiiiioil.iiirr Init tlii‘\ 
arr oi no |i.iilii id.ii i oiism|iii m to tlir distillii ol almliol 

Will'll liillliN |il,iiilril III tin r.kitli u( I iiiiii.it rs iiiiliil.dlx tlir 
|)ro(rss Is st.iltrd li\ .ills'll |itiiai oi iiioistiilr il'illl tlir sod III il 
siiiiil.ii iiMiiiii I 111' iii.iltsii I sits up , iitiliii.il L'i'niiin.ition oi tlir 
}£MIIII li\ llioistrilllli; it .Old rNpOslim || to suit.ilil IldlllolH of 

ti iii|) 4 'r.itiii<' and .iri.iliini Wr air Ikm'* (oiuiiiiid (liirl|\ with 
tlir liioliiLOi .d ili.iii'i's Miiali t.ikr pl.iir III tlir ^ 0 . 111 ) dniiii^ tins 
^riiiiiiMliiiii tliat is diiiiiri tlir L'lowtii of tlir niiliiMi oi indl 
ll'r||t.ll\ pl.llltlit I o)|(, (Ill'll III tin li.llli\ lOill iti'inir disi ||ssint{ 
till sr (il, (Hires lliiUlMI' it Is ill ill.lldi to (>lir.l s|nilt ■nioUIlt of 
till' ni.iiiiif.ii Ini iiiL' opii.itioiis llii'iii'ili Ntliiili tin li.iilr\ passes 
III the (oiiisc ol lii'in'r riiiiMilul into iii.dt 

Malting. 'I'lir siMrmd ImiIi\ is liist slrr|»rd in walrr for ii 
]iriiod wliiili \ .iiirs iroiii two to loin d.i\s .ii i oniiinr to tin* iialurr 
of tlir liailr\ ,iiid tlir tuiipriatnir ot tlir w.itrr iiiiiiii^ tins 
Ntri'imi;' it alisorl's aliout our h.dl of its wiiulil of uatri. and tlir 
grains lirroinr snftrinil ta‘nriall\ tlir w.ilii i-. drainrd olf and 
rcplarrd two or tlnrr tiinrs dnriiig (lir slir|iing. and for distillrr;i 
malts jt Is a roniinon pi.utnr to add (iilrnini liisiilpliitr or otJirr 
antisrptir to ptr\riit tlir dr\ rlupniriit of liaiinfiil innio orgniiisniH 
For lirr\irr\ malts the ir is less nrrrshil^V lo iisr nnlisrptir.s, lirriinsr, 
R|)art fioin any rilnl ^\hi(h tin* siil)sri|iii lit kiliiniir iiia\ liavr upon 
moulds and liiirtrri.i tJirsi' organisms iirr drslroinl later on. ulirn 
till; wort IS lioilrd and hopped , whrrras nistlirr hoiling nor liojipiiig 
is n^qtiirrd by distillers’ worts 

The strr|Hsl liailry is next ‘’coiirhisl,” (hat is, .spread out in a 
frame, or in a l('\rllrd hen|) a foot or more in r]r|)th upon thr malt- 
house^ floor Urn* it hrgiiifl to germinate II ahsorlMi o>\geii iinil 
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” ffivw oiT carbon dtoxidc , the tciiiiN'ratiirc coinnicm’ffi to rise ; 
and the siirfaci* of the (‘oniH ahowH an -oxii()utit)n of inoiature 
(“ Haeatin;]; ") Tlie (;rain in tiirni'd over now and then to aerate, it 
and to ei|iialis(‘, the tein[M‘rntnn ‘ , and prcHently. as the growth of 
the etnhr'\o |iroeeeris. a .small, wliite rootlet upiK-ars at the emi of 
the corn (•ehittmn") When the tein|K‘rature reaches l.V to 
1 7 '.the eoueh oi luMf) is broken down and spread into a thinner 
layer, \arjng in depth according to the season of the year 
(“ llooiing ") \MiiM tiu' grain eontiniies to gcTniiniite it is well 
turned o\er two or thus* tiiiu^ .'i day . and when the growth has 
piYKsssled fill enough the hcsip is spread more tliiiiK, to allow of 
the grain gnuliiiilly dr\mg or ' withering'’ Should the diving 
he too rapid, sprinkling with water is resorted to as u lorieetive 
The nei-esHity tor this is shown b\ the rootlets becoming llai-eid 
hc-fore suHieient growth has been obtamisl , and the anioiint of 
giowth is judged b\ the di.stane4‘ to wbiili the “ aeiospire " or 
*' plumule " the leiillet pint of the >oung jilant has piLshed its 
way under the husk troin the basi* towards tbe apex ol tin corn 
The temperaluie is not allowcsi to use above loo 

When tbe pioee^s of withennu is lomplete the iirodiiet, now' 
known as “green” malt is lemoved to the drMiig-kiln, unless it 
is to b(‘ used in tin* green state Here it is giinlii.illv clued moie 
completely, liiwt at a low tein|N*raluie (27 to IIS ). ,ind exposed 
to a eiiiTenl ot uir The tem|HMutuii‘ is then slowK laised until 
tin* r(*(|uir('d d(*gris> is ii*aelnsl at which tbe malt is to be linished 
this may Mir\ fioiii about t'lO" to 88’ or evc'ii IIO . aeeorcling 
to the kind of kiln iiscsl and the variety of nialt recjuiri‘cl This 
operation of kiln-drving usually oec ujac's three* or four duvs. 

The length of time during wbieli geriiimation is allowi‘d to picK*i*i*d 
depends upon the purpose* for which the malt is nsiiiirisl Malts 
inteiidcHl for bic*wing an* left on tliu “ lloor " for abcait seven to 
ten davs (“slnnt ” mult) Malts for ilHtillc*i,v and viimgar making 
purfMisc's are allowc*d to gi*rminate min*h longer about twenty 
clays in ordi*r to ]ircKluee inon* diastase* (" long " mall). 

In ** pneumatic " malting, the essential feature is a systematic 
aeration of the malt during the germinating stage hy iimuns of a 
eiirrent of air whieh, passing through a spray of water, warm or 
cold as dusired, eun Ik* n*giilated as reganls its moisture and tempera- 
ture. The stet*|)iHl grain is contained in re solving cylinders through 
which the uir-eurrent is Icni • this docs away with the necessity for 
hand-labour in “ turning ” the grain, and saves iniieh flour-^pace. 
The filentifiil 8up})ly of fn*Hh air, itst*lf mure or less piiriticd by the 
washing it h.*is received. ke(*|>s the malt free fnim moulds. 



n 


OUTUNfi OF THE PHODlTOTfON OF A(^X)HOL 


3 t 


A R Lin^' hafi ahonn that when Kiti'ii malt i<« lu>pt for hiiiiio 
hours at a stage inhere it HtiU eontains from 1(1 to 1.) ]H'r crnt of 
moisture, coni hiimt ion (KvurH lH'tuiH>n tiir ainiiuM-ninponiulH and 
the enrhohydrates ooiitiuniiig frei* enrbonxi groups, and xnhen 
the pnahictH are heated in the tinal ntnges of Uilning*tlie,x are 
d<‘<‘om]MM(ed, giving rise to eoloiiniig and (laxoining i.ialters 


Changes which occur during germination. Wi 

oae to Rroan and Morns the lir^t • 

sntihfiK'torx <*x]Mis!(ioii of iheprinei 
pal elieinieal and inorphologieal 
elinnges xihieli go on in the harlt'x 
gram during (lie earl\ stages nf 
gerniinntion Tlies4> mxestig.Kois 
.studied elnidlv llie eaiholivilrate 
(oiistitiients of the giiini and the 
ni.inner in uliieli tiiese uire tiaii'- 
fonned, reiideied ussiinilahle h\ the 
growing plant lid and transferred 
lioiii one part of tli< (oiii to 
another in siihs<-rving the pl.iiitlet's 
lurd- - liiitei lliowii and Kseoiiihe 
flirtliei elidior.iti'd t}n*he studies • 
and still Intel with otlii'i dsidjii 
tors (M( Mullen and Millar) e\teiidid 
llieni to the iiuestiL'alioii of tin 
traiisforiuation and iiiiuiatioii ol 
the piotem ( oiislitiieiits of tlii* 
giani * These researches are will 
worth leading in the oiiginal 
areoiiiit.s h\ those niten>s(i'f| all 
that can lie done lieie is to give ,i 
ahorl siiniinarv of the eliief n'siilts 
in so far as tliex an* geriiiaiie to 
preaenl piirpose.s 

The main hulk of the harlex 
corn ennaista of the Htaruhy end()H|)erni. which ih reserve 
material soning to nouriah the develojang eiiihryo until Hiieh 
time a.s the latter, having put forth roota and leaves, ia 
in a jMiHition to ohtain its own iiiitnineiit from the soil and the 
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‘ J. Hoc t%m hut, IlWH. 27, Km. 

’ " Rvilparchi'R (HI IhelSemiiiiHiuiii (if ruiiiu (if Ihi* lirftiiiini‘<i','' Tmim. Chm, 
Soc.f 1890, 57, 4.‘i8 it Brtj. * Prot Hoif Sw , 1898. 

■ Trans. Gumneas Ristareh LiUionUoryt 1006 ; pi. ii, t'84. 
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uii Tli(‘ I'lulii'M) itM'lf 1.S Hituiitiil at (MIC end of tli(‘ com It la 
not '^triii tuniilv (iMincited uith the endosperm, hiil imiIv in eloai' 
iippo^ition to il, Ivcpt in pliU'(‘ hv tin* inte^iiiiKMit uhieh siirrounds 
holh Ihit the ciidospcim h a hard, (imipaet mass, the starch 
^ruriiih sMi(‘ |«a(k(d ti^dilK in the (‘iidospeim cells , and these cells 
themseUes aie iii\es|ed with a cellulose m(‘mhram‘, formiii)' the 
cell Mails 'I'he <jm‘stioii in, t \.i( lly Iiom and in uhat form, (Iim'h 
the haid t^t'ixhx mas'' rear h tin* de\ (‘loping' ^eim ^ What are the 
eliaiiL'cs Mhah aie in\ol\(‘'l iii it. to allow ol its heiii^' traiispiu'ted 
from one part ot tli<‘ ((miiJo another, and to aiiixe in sm h a ccmkIi- 
tion that it <nn he ahsoihed and as'<imiliiti‘d h\ IIk' ximimi; plantlet ^ 
These ale the ipiestinM', to mIiIcIi tlc in\ cstlpitois iiho\i‘ meiUiom'd, 
With olhels. ha\e m lame meiiMiie siippllisl the ari'.Mcr 

The ])art of the emhixo mIiicIi is in eiaitaet miIIi the staiihx 
endospenn is .'i soil ot |>.iitiliiMi M.dl . a eelliil.ii stimtiiie kiioMii 
as the ftcuhHum, mIikIi Ihmis (tii its smraei a leinaikidili' tiulhthiiin 
eontamiim a l.iver of (‘loimated (< oliimii.ii ) lelU teimirl the 
su'hlun/ laiin Mso, sniioundmu the (iidospeiiii and in lontait 
with the starch et'lls th(‘ii‘ is a la\er of tissiii* eoiisistmt; of square 
ei'lls, and known as the nhunnH httfn When moisture is .ihsorhed 
h\ the ^i.iin and ^eimmation eomnuMiees one of tin e.iih ilianei's 
is the seen'tion in pait h\ the seiilelkir epitlieliiim and m pait hy 
tin* ahairone la\( r of an «'n/\ me rffhtsi , wlin li is i .ipahle of at tin km>; 
tin* (ellillose walls of tin slaidi cells ,ind eitliei dcstioMim th(‘m 
eomphtcK, or at h‘a->t paitlx dissoUiiiLf them and iend(‘'m!' them 
sottei anil moie puiinahle to ln|iiids This en/\iin* ({i.idiiallx 
inxades the whole ol tin eiidos|)eim disinteiji.itliii' the l•'ll walls 
and thus prodiiemu what m iiialtiin;, h teihiiieallx tinned the 
“ niodilii atioii ' nf the endosperm, h\ wlinh the corn is lendered 
mealx and fii.ihie 

'I’he seiitellai epitln'liiim moienxei sn-ietesa xet more important 
on/xine, namelx (ili.isi.ise) 1(110x11 and Mon is were able 

to demoiistiate this e\perinientallx hv lemoxnip the emhrxo 
entiielx fiom the hailix coin, and lultixatini' it on gelatin inipie^;- 
iiated with stareh, and lui other niitiient media One or two txpi(*al 
experiments out of a lame numlM‘i made max he (|iiot(*d here 

Kirat. it was shown that diastase i< secreted hy the growing 
enihrxo Kiftx emhlxo^ xxi'n* reinoxed from harlex eomn and 
^ermmati'd on inoisten<*d ^la.ss xkmiI .\fver prowin^ for a time, 
tlie emhrxos were miieeiiit(*d in a snitahle volume of water, and a 
definite quantity of the liquid was allowed to net upon a Rolntion 
nf soluble stan'Ii If diastase xxen* pn<sent it would ennvort Rome 
of tlic starch to inaltoRC, and a nienHure of the amount could be 
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obUiiird by wrighiii^ tiio rupiior (txidr |iri-i‘i|ii(alni th<> 

liquid wiM hcatiHl uitli an alkaline eop|H'r Milpliatr sdlulinii The 
total diastatir ]Mi\\er of tlnw rifl\ nnbr\o.s was tlni" found to be 
re])reM'nted by I4S milli^ianih (»f eiiprie oxide, and of another fifty 
peniiiiiated on gelatin, Itilt inilliKi.ims , uhereas llie diiisti^lie poMci 
of a Miniilai nninher of iinqn mn\ thul einhr\os ii.is found to 1 n‘ nil 
or \er\ sni.ill, onl\ 5 niilhiii.mis of lupiie oxide Itenn; obtained, 
and tliih (|Uaiitit\ uaa possibU uitlini the liiiiila of error iindef tlic 
eoiiililions of the evpeiiineiit Iha'^laH* li.id tlieietoie been |)rodiieed 

III i'elati\el\ lai^e qiiantitx in the einbnos diiniii' their germina- 
tion 

Also it was shown that tin powei of sei ietin)'*lh(‘ diastase was 
Iiualised in the suitdlai f‘pilheliiiin l‘'oi on leinoMiif; the latter, 
and ( iiltnalini; the enibi\o on stjiK h ui'latin it w.is loiind to have 
lost its powd oi (IissoImii^ the stall f| uiaiuiles This was not due 
to the eiiibiNo h.iMiiu; also lost its |iower of jiiowlli. because the 
einhixo depiiM il of Its epitheliiiin as before still ^Mew leadiK \ihen 
M/f/fo. instead of staoh nas iinhidid in the eultiire iiiediiini 
The ifi on lid tissue of the siiitelhiin i onid absorb thc‘ soluble iiiid 
leadih assimilable sn^ai . but in the absmce of the epiihelniiu no 
diastasc' was pioilined and eonsM|iientl\ tin* insoluble* stareh ecaild 
not be attiuked and dissolxed 

Diastase, therefore is elaboialid b\ the siutellar e]iitlic*liiiiii 
dining the growth of ihe i‘inbi\o It altaiks the slaieh of the 
eiidospeini and leiideis it soluble so that the piodiiets i an now 
difbise thiiui^h the water pie'^int and naih tin* emliTMi. thiTe to 
ser\e as alniii'iit ioi the xonii^ plant The attaekiiiK of the stareh 
has been fai dilated, and nideid made possit.le, b\ the prexioiia 
softening' netion of the* ixiasi* on fin* stanb cell walls, as the latter 
III their noinial state* are not piiiinable to the diastase ’ 

Hy exjieiiini nts on somewhat similai lines to those deseiibed, it 
has till tiler been shown tlnit dm mi; p'Tnnnalion there m hIho a 
traiisfereni e of a part of the mfttHfi nmi't eonstituent.s of the barley 
gram from the endos|H’rm to tin* embiyo TIiih m bailey wliK'li 
hud been on the maltiiu; IKnu for iinn d.ix-^, about one third of 
the total <‘>idospc*Mn nitroifi'ii wa-c foiiinl to lia\e miurnted to the 
einbixo Then* is. m fact a dc*x c'lopmeiit of iirolniliftir. anzjfmfn 
(ix'ptase and trxptase) during gcTinniiition. and thean oonverl A * 
proportion of the inswliibh* protc'ina of the* giiiin into simpler 
subatanees, siieh as proteoat**!, |M*ptones. and umiiio-Acids These 

* Sec> a1«) Mann ami Harlan on the " Morphnlnuy nf ihe Harley Hrain,” 
U.S. I>cp. ItiiU . So IH3 (1915J A ropniit of thii la Ri\en inJ 
Brfuwtg, 1016 , 22, 73 
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protrrilytir cQzyiiic's, thm‘ in ^<hm 1 rt'iiKon Id bclievo, arp, likp the 
diiMtaHP and c^tiiKp, NtHTftt'rl by the sputpllar ppithpliiiin 

Thr Niniplpr proflupt*' into \ihich thp protpin is (‘onvprted are 
Moliibir jn uutfT, and hf^ncp in nmli then* in a liirf^pr jmijKirtiun of 
hoIuIjIp rntro^pnoiiH bialiph than in thr* original barlpy , in fart 
rimrly don hie uh iiiiipIi Thiia Hiinpcnpr and Kiirs found (ho 
“ hoinbic " nitni^rn in a K|N‘i‘iiiii‘n of IiuiIpv to lio (KrM jkt (Piit . 
and in tlip^iiult iii.ido from it, Otl42 |nt (-(‘iit Tin* total amounts 
of nitrojriMi III tlip barley and malt were 1 (iO and 1 r>H |M'r pent 
reN|K‘etivel\ The import^nis* of tlie pnabiet ion of Miliible nitro- 
^enoiiH eompiainds diir:n>! malting lie.s in the fact that (lioy paan 
into tliP wort wlleii the malt is iiiaNlied, and serve as nitrof;eiiouM 
nutriment bir the \east durum the NubHe(|iient fermeiilalioii 

Summmtr up, then, we find that durum the pTinmation of biirlev, 
enzymes of three eUsses are sei letisl bv the eml)r\ ( 1 ) a e( Ihilose- 
diHsolvinf; enzMiie njtmt, whieh aflai ks lhi‘ walls of the starch cells 
and iiuiKes them |M‘rnieable to diasta^' , (2) a diastatie eii/,Miie 
malt-amifhm or dirw/asr. wliali can <on\erl starch into siipirs 
and other soluble matters, and (.'!) prot(‘ol\lie en/.unes, 
and tryphm', which eonxerl a portion of the insoluble piotems of 
the ^rain into simpler, soluble nitnmeniais substaiiees Itv tbesi' 
means the whole solid (smients of the endosperm eaii be broken 
down and iitdised b\ the \ouiiu plant 

The art of the iiiiiltstei," Dr II Itrowii remarks, *<onsisls 
in din'etiim. co-ordmaiiim, and hmitirm these ii.itiiral jilivsiolimicil 
proeesses of inteiiietioii between the einbi\o and eiidospeim, and 
inakirm them as iar as possible subserMeiit to a partidihu end" 
- iinmeh, tlie pMsiiielion of a fiiable malt, whieli will Meld the 
maximal amount of e\traet of the rmlit eoniposition for the spinal 
purpose in view 

This ])iirpose is not the same foi the distillei as foi the hrewer 
It has aln-adi been seen that the former list's " Ioml' " mall, which 
has bi'en j^enniiiattsi for a mon' (‘xteiided pern si than the biewer's 
“short" malt, mid has tlien'fore pitsliiced more diastase The 
aim of the distiller is to pnaliiee nieohol , that of the bn'wer is to 
riiake a bevenme whieli eontaiiis as t'sseiitinl in!{n'dients not onl} 
alcohol but other siilistiuiees ilerived from starch, namely dextrins 
and malto-tlextriiis These ini])iirt " bisly " and fiulale-fiilneas to 
the iM'cr. and proviilt' iniiterial for the sc'condary fernumtHtinn 
whieli it iindeigot's in the cask In fact the tlavoiir and eharaetcr 
of beer de|)end tiiiile as miioli on the present e of unfeimented 
dpxtrins and other extractive matters as they do on the fermented 
alcohol w'hich the beverage contains Hence the brewer does not 
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uan^oinplKely to c'oiuort nil tlii* Ktarch of hio grain into migar % 
hia niU8t not be iiliolK feriueiitablo Tin* bifncr'H nmlt ia 
then'fori* not germinated t<» pnNlnee (he miiximnni iif diastaHo, 
and niorouvcr it is hf'utofl on llu* kiln to n t(‘m|N‘rutiin* which 
destroys much of the diaslnM* that has hmi foruied ()n the other 
hand, the distiller wishi's to eoiniTt the whole of his starch^ inattTial 
into ale(»hoI , an\ not so eomerti'd is nieie loss He looks ii]niii 
his malt as, esseiitially, :i soiiiee of diast.isi*. us<sl fo^ the |iiir|N'H(* 
of transforming tin* starch of raw certMls or of potatoes .ir. (‘ompletely 
as pOtSHihle into fernientiihh* siigais , 

lienee diHtdler\ malts aie iisiialK gerii, mated long enough to 
jinxliiee the maximum amount of diastase, and aie prefi'rahly 
ns4‘d as “ gns'ii “ malts or if kilnisl at all onl\ *at (he lowest 
liraeticahh* t(‘m]ieratuie TIu* higlui thi* tenipeiatiire used m 
dning the malt, the gKsiter is (he los>. of diastatic power This 
Is espccialK so it the heat is apfihed too ipiiikU while the malt 
still contains much moisture, hetaiise diastase when moist m vei) 
seiisiti\e to the action of heat (Ins'ii mall howexei, can only 
he emphned to ,i limited extent foi making malt whisky, sinci* the 
special (la\onr of this is iliie inamU to lh<* use of kilned mult In 
distilleiies which make eompiesseil \east, too a proportion of 
kilned malt is em|>lo\ed 

Oidmaiil\, the diastatic ))owei of giirn malt is fiom lit) to 

Ilia (lantnei s Male) In laewerx malts it is lediiced liy the 

kilning proce.sN to hss than one loin ih ot this amount, ranging 
geiierall\ fmiii 20 to 10 lhstiller\ malts, and also malts used 
by \ Illegal' m.ikers. ha\e iiMiallv a diasiala ]iower of HO' 

ii|iwards 

Diastatic power of malt (" laniner value") Thu 
Is determined m a convent lon.il iimnner hv allowing an extract 
nf the malt, |)n‘|iared iindei standard eondilion.s (o art upon g 
2 percent solution of soliihle stan-h lor an hour at 21']' (TO*^ P.). 
Theqiiaiitit v of starch (onverled is then estimated from the volume 
of the converted lapiid reipiireil to jeiliiee a given volume (5 e e.) of 
Fehliiig's solution So long as the maltom* jinKluetxl fhx'anot exceed 
4o per cent of the starch used this maltost* may 1 m> taken ai a 
measure of the rliastatie activit,> of the extract (Kjeldahl) Tho^ 
mofiuH o/K-rr/ndf n'eomineiidefl b\ the .Malt Analysis Committee of 
the Institute of Hn-v^mg is as follows ' 

Twenty-live grams of gnmiid mull are ^•xllaet^•d with iKM) e.e 
nf pure distilled wati'r for tlin-e hours at 21 I ', and Hltered The, 
first 100 ee of the fill rate are rejected ()f the [H-rfcctly bright 
' J. InH i^rewing, IQOO, 12, 0. 
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•rcHuliial lilt rate, .‘I (* v arc uIIouhI tfi art r)n IfH) v c t\i a 2 {M^r rnit, 
Holiiiion nt soinhir atarrh at 21*1 ' for an hour in a 2(H) cr tiask 
I)(‘<'inorinAl alkali (II) r r ) ia Ihrn addrd in ordrr to alop further 
diiMtati<‘ artioii, (hr liquid roolrd at iimdr ii]i to 2(N) re 

with distiUrd \iat4‘r at thr Hiimr trmprratiirr, aril sliakt'ii, and 
titrated apiiiist 5 r r portions of Ki'hliii^'H solution, ferrous tliio- 
rvniintr solution Immii^; iihikI ah iiidimtor 
The' iiirthpd of titration (Liiif;) in rnrri(‘d out in the folloainf; . 
mail HIT - 

Five e (• of Frilling' 'rt soli^ion (.‘W 04 ^^rams 4)f « i vstallised copper 
Hiilphate, 70 grains of sodium h\dro\idr, and I To grains of sodium 
potassium tartiati * pri liln*) are arriiratrh miasniisl into a I.TO r r 
hoilin^ flask,* and i.osrd to hoilm^ o\rr a small naked Itiinsrn 
llaiiK' The romrrtrd stnrrh soliition is added from a Imiidtr, at 
lirst in small qiiaiititirN of ahoiit .1 er, (lu* mi\tuii‘ liem^' kept 
rotated and hoilrd after eaeh addition until leduetioii of the eopper 
salt is complete, \vhieh la aseertainiMl l)\ rapidh witlidra.mig a 
flrop of the liquid with a ^lass md and hMngin|:i; it at oner in (ontaet 
with a drop <if (In' indh'iitor on a port'elairi or opal j^dass slab 'I'lieii 
if / denotes the iiuiiiImt of ee of the eoinerted solution icqiiired 
tn rediieii the .T e.e oi Fehlint''H Ihpiid, and // the iiiimhei of ee of 
malt eviraet eoiitained in 100 ee of the same eouMTled solution 
(2(K) e e ), 

KMH) 

Diastatie power - 

»// 

x\ graMinetrie metlnKl of determminK diastatn adiMlx has 
been proposed i)\ iShermnn, Keiniull, and Clark,* which the^ state 
ia capable of ^nsiter tieeuraev than Lintiier'.s method 

Soluble starch can be prepaied bv \anous methods Lmtner 
obtained it b> allowing; potato stan'li to remain iii eontnet with 
To per cent hulroehlorii' aeiil foi scm'II or ei^ht dK\s Hrown anil 
Morris, usliik 12 per n'lit aeid, obtainiyl a similar piodiiet in 
twent,> -four Iioiiin Ntareh (hiia treated, and washed fiee fiom 
aeid, dissolves in hot water without forming: a useid paste To 
pn'pari' it l\\ Lintners inethiNl for the forej;oiii|' determination, 
piiritif'd potato starch is mixed with about twice its weif^bt of 
fiyilroehlorie ai'id, sp gr I 037, at (he ordinary temperature 
(lo-lS'’), and allowed to net for seven da^s, stirring up every 
day. The aeiil is then jioured off, the starch w ashed very thoroughly 
by deeantatioii with water until fm* from aeid, filtered on a Buchner 
Alter, and drained as dry as practicable at the filter pump , then 

* J JifUT . I<IW) 32.1082 
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i.prrail on a new porous plali*. mill drinl as (piickly ns fstssihlc nt 
a t<*miHTnturc of nlxuit 43 Thi* istan h is tljrVi triliira1t‘«l in 
a porcplain iiiortJir uiul nihliod (liroii^li a lino hair sii‘\r It is 
(Iissolvc ‘11 in iMiiling water iii the proj>ortii ii of 2 j:rarns per ItHI e.e , 
and tooled to 21 I" ft)r use m the expeiiiiieiil nliovt; tieserihed 
Tlie solution should not he jnO.itinous. shoulil he neutral tt» Iiliuuh, 
anil should show onl\ a iieuli^ihh' hsIih'Iioii of l‘'eliliii^ s solution. 

If the malt is foiiiiil li» ha\e a diastatie power exeeediii^ flO, less 
than f3 e e. of the malt extraet must he lakt*n. and the expeiiment 
rt‘|M‘ati'd 

Alternntii(‘I\ , the ' Liiitiiei \aIiie'*of malt is often detiTinmeil 
h\ a eompar.iti\e seiits of test tiihe expeiiments lairieil out as 
follows Kij^ht or ten eleaii test liihes of alioiil 2 ein Jiiteinal 
iliaiiK'tei, are an.in^eti in a stiinil siiil.ihh' foi plating m a water- 
hiitli In eath of tlu‘ liihes III ( e of tln‘ 2 pei eeiit solution of 
soluhle sfaich aie pl.ieeil. and the tempeiatuie hnaifiht to 21 I'’ 
h\ immersing the st.iml in a hath kept at this ttiiipi'ratine 
Quantities of (I I 0 2. 0.3 ee of the niidl l•^lI.let. prepan d 
as alii‘ad\ desinhed, are run int«) the Inhes, s) that eaeh tiihe 
ree«*i\es 0 1 e e nioie fh.iii tin* pietedmi: one 'I'lie tinii* is noted, 
the etintenis of eaeh tiihe well mixed ami all an* kept in the hath 
at 21 I for exaetU an hoiii \t the end of this perioil ee of 
Kehlm^s solution are mixtil with tin* toiitents of eaeh tube 3’hi* 
wlioh* are then heattsi m a hoilinp water hath for 1i‘n minutes, 
and allowid to settle In tin senes of tubes there will usually he 
found siMiie m wliieh the sii^'ai piiNineisl has been iiiHunieieiil to 
reduce the wlmh* of (he h*hljiiji’s reagent, so th.it the supernatant 
Injiiid i.s blue and alsootheiRui which the reduction is eoni]>le1e, 
and the li(|uid is (olmiiless nr \(llow In p.irtieular, two neigh- 
boiirinf^ tubes will be found one .showiim iinder-ieduetion and the 
other exact red m t ion or o\ei ndiietion, from which the quantity, 
jr. of malt extract just msessarx for the reihution can he judj^nd. 
'riieii, takinj' the dustatie power of tl 1 e e of malt extract (1 to 20) 

0 1 X 100 

as 100, the diasratie power of the sample is j;iven by 

From this xaliie 1 o is disliieted on acrouiit of redueinK RUgan 
in the extract 

An *' iodine inetluMl " of determining diastatie power is deHcrihed 
by iSlif.rnnin, Kenda*.}, and ('lark * 

A standard starch paste is prepared by susjiending a riuantit}' 
of air-dry jKitato stureh. er|iiivideiit to 10 grams of anhyrlrous 
Starch, in KH) e e of cold water , tliiR suspension is added to a 
' J. Amcr ('krm Sor , 1 ( 00 , 32 . 1073 . 
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^(|iiantity nf wator, Hufficipiii to make up the total volume to 1 litre, 
whicli haa meanwhile lietm heaterl nijarly to hoilinj; under a reflux 
condenHcr ; then the whole in boiled for two houn under the 
eondnnaer, and ulloued to ctad. 

Portioni^of 200 f^ruinfl of thin standard (Muite (= 25 grama of 
unhyilroua atan'h) an* placed in flaaks of 350-400 ee eapaeity 
immerned in a water-iinth kept at 40 and tht* deaired amount 
of the enzjme preparation introduced together with 20 e.e of 
water. The eont<>ntH of the tiaak are well mixed, and digest ir»n ia 
continued at tO'^ until 0 25 ee of the mixture \ieldH no eoloiation 
with 5 ee of a htandanl Tidute irKline Nohitiori Tests are made 
with varying aiiioniit.s of the enzyme solution until that amount is 
found which* completes tho conversion m 30 minuti's (± 1 
minute) 

The diastatic jsiwer is expr**ssed ns the weight of stanh (2 5 gin ms) 
divided liy the weight of enzyme preparation rcqiinvd to digest it 
under the pr(‘scrihed conditions 

Till* iodine solution is prepared hy di<.-olviiig 2 grams of iodine 
and 4 grams of potassium iiHlide in 250 cc of wntiT, and diluting 
2 cc of this solution to 1 htn* 

The Valin'S obtained arc*. vi*i\ roiighU. about three timc-s the 
values given liy liintner's inetiind 

Extract value. The poNVilnre recommended b\ the Malt 
Analysis (Nuiimitl<*e mentioned above is as follows ' 

Fifty grams of the ground malt are mashed in a be.ikei of about 
,"rtKl ee capacity with 300 cc of distilled water pre\innsl\ healed 
to 07 M-OS 3 ' (I5f-I.M' F ) The beaker is isnered with a I’oek- 
glass, and plaeeil in a water-liatli. so that its loiiteiits are kept at 
a tompenilure of 05."> (Ifiti" F ) for fifty live nnnules The mash 
is stirnnl at intervals of about if*n minutes diiimg tlii.s time The 
teiiiperatnn* Ls then laiM'd to OS 3 'during live mmuteh. niid tlie 
whole mnsh waslusl into a flask gradiiateil at 515 e e (The extra 
I.*) c.c. is to eoiiipen ate for the volume of the “ giains ”) After 
being cooled to loo®, the contents are made up to the mark witli 
distilled w'Rter at the same teinpcnitiire, well shaken, and filtered 
through a large rihbiHl jmper Tlie speeiOe gravity of the filtrate 
ia then detennined at once, at 155® compared with water at 
■ that temperntun* 

If prcferml, the mushing can Ik* carrier out dircctlj in the 
515 c.c. flask In thi.s case, the inn.sh .should be shaken at intervals 
o' alsnit ten miniili's 

The excess of tlie sjui*ifie gruxity over that of water (taken ua 
* J. /n4f. /trcwing, lOUH, 12, 5. 
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KKX)), inultiplitMl b\ givi^ thf> ('xtiact \.iluo,iii hrowt'rs' lb« 
piT Htaiidunl ({iiartiT of malt 

Determination o! starch, etc., in distillery 
materials. TlmM* gnim^ of the (ri-ooml ^rrain arc lioatrd iii 
a ]ircs'>ur(‘ bottle with .‘10 ci of water and iii ee. of a* I iht «‘L*iit 
laetie aeid Holutmn for two lioiint at I Mo 'I'lu* liquid im now 
cooled to 70-8tl’, and hliaken up with oti ee o1 hot water, then 
cooled to the ordinary tenijaTatiire and made up to jr»0 e e The 
Mask is shaken well several times during the course of half an hour, 
and tlieii the lupiid is filtered To 2yt) ee of the liltrate I/) ee 
of hydroehioric acid (sp fir 1 12.*>) aie added, and the mixturo 
heated for two liouis in a ImhIiii^ watis hath undiT a reflux eon- 
di‘iiser After cooling the solution, il is nearlv nnitralised, and 
made 11]) to ."itKI ee The dextiosi* in So ee of this is estimated 
];iv)\ imetrieallv with hVliliiiK's eopfM'r solution, and the reault 
multiplied h;k (Ml ]'i\e.s the (oiit>*«j)ondin]r (|uantit,> of staie.h and 
other fermcntahle material (Heiiike) 


YKAST 

The ve.ist jilant is a iinicelliiliir veKetahle oixanism without 
chlorophvll, helonjiinjr to the jjemis Sm'vhnnmifnn (KecHs). Since 
thev eontam no ehioiophvli, the veasts, liki* other lun]^!, eannut 
obtain their eaihoii by decomposini? carbon dioxule Un the 
eoritroxv, the> olalMnate this |;(is and evolve it, nlisorbmg oxygen 
at the .same tinie 

(Irdiiiarv brewci s veust seen under the mieroHcojM- is found to 
consist of >|)herieal or ovoid (cIIh, either frw or united in siinplo 
or braiieyng rows Tlie.se rows are produced by the biidding-off 
of daughter-cells from n single jiareiit cell , and as this is the chief 
niefehod of re])ioductioii, the yeaota arc clubsid among tlu‘ " budding 
^fiirigi " , but they are cajHible also of reproduction bv the formation 
of ri])ure.s The rimius Sarchmomyert, in fact, is leatrieted to 
orgaiiisiiiB which can form s|)on« • 

For technical purjM)ttt‘s, the yeasts moy be divided into two 
groups, the '' cultivated " yeasts and the “ wild " yeasts. The 
first includes those which havT been used from time out of mind 
in the operations of brewing They belong to one speeiea only, 
namely, HacchanmynJi ctrevxnia There ore, however, many racee 
and varieties of this species, differing quite notably in certain of 
their properties, sueli os the degree to which they can carry on 
fermentation, the ra])ir]it> with which they can bring that prooeat 
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/ibout, atiil th(‘, (luvdiir of tho pnMhict ohtuint'il th(Ti'l)y Of thrae 
" ('uttivat(‘(l " then* an- two inuiii ty|H‘s, one known aa 

“top fornictiiulioii '' yciist, Ihr otiiiT a.s “ bottom fi'imciitution ” 
yrust. TIicMtJ an* ho callMl becaiisi* th(‘ former riseH and culleotA 
<jri till* siirfaee of the feriiiriititifr IkjuuI. whereas the hitter falls to 
the bottom “Top" yeast ih the variety used in this eountrj , 
whdst “ bottom " yi-aHt is emploved on the Continent and elKewhere 
in the making of lager " beer 

“ Wihl " ,\r*a.Ht.s aro a inimeroiiH grou[» 'Fliev oeeiir wild in 
nature, and olleii on the ^ylrfu<e of fruits as, for inslanee. the 
wine ,\eaHlH which an* pn-seiit on the skiiH of ginpeM. ami which 
Met up termentatiofi of the ‘ must " or grape-juice in the making 
of wine ' Ah these wild jeasts caeiir in the air, they may find their 
way into the brewery, when* the\ may eaus»‘ much incon\enicn(e, 
Hiiice Home of them ate obnoxious In the distilliTv. they aie less 
a source of trouble than an* baeteiiti and moulds, since the n latiiely 
high t(*in|M‘ratnre at which fermentation is (arrasl out is not faiour- 
ablu to the de\elopiiu*iit of the wild yeasts 
Classification.- At one time tin* Hh'ipe of thr* yeast (ells 
as Hcen und(*r the microscojK* was 1ak(*n as the basis of classilication 
Thua S n'ltVMir included thoHe M*aHtH of which flu* cells wi‘ie 
approximately Hphcncal, wIiiIhI those with elliptical cells were nam(*d 
S fUftmuItUfi, and those the I'ells of which had the shape of u 
Hiiiisagi* wen* assigned to tin* H|H*cies S i*ashtintnu<< If is tiue that 
the shapes mentioned an* nioie or less chnnicteiihtn of tin* respis tiie 
Hpech*s, but fuither study of the leasts has .sin wn that under 
certain conditions of cult nation the Hlm|H's of the le l.s ma\ cli.ingc, 
and one kind of seast mav tein|Niiaiil\ asMiime the for.n of another. 
I[(‘nee the classifn ution b\ Hliape aloin* was found to be .ni.sleading 
More truHtworth\ nudlnMls wen* worked out b\ JIansi'ii - ‘o whom 
ia also due the ]»roci'NH b\ which ]niie u*a.st of an,\ variety I'Mi be 
obtained by cultivation from a single ci*ll of tluit lariety (sie p 4S) 

Having by this pmeess obtaimsl pun* M-asts of different kinds, 
Hansen found that each s|a*eieH e(»uld only de\(*lop s[ion*H between 
certain definite lem|M*iatun*H. and those tenipernture.s were different 
for the Mirious kinds of yeast lb leeognised three di.stinct s|M*cie8 
of Hpore-fonuing »SVfrrArfrrfm//rr/ev, namelv S cvrci’mtTjS VmhnanuH, 
and S. fllifMUfleus, the first being the cultivat(*d }i*a.st.s, the other 
two wild \ easts These eoiild be further siilNifvidisl into varieti(*s, 
whu*h were diatinguishi*d ns iV nimsoi* I , .S' rcifru^if#- II , and so 
on. At the following teiii|H*rntun‘s, no s|Mir(*s nm formed hy the 

^ It hIuiiiM bi* ini'iiiiuiicil, ltowi'\or, timt istIhiii ot tlio winu yrostb are 
now iVKuliirly ciiItivHt(>d. 



n 


OUTLINK OP THE PRODrcTION OP ALOOHOK ' 47 


six varieties imiiinl, but they are imNlm-efl at teiiijKTutiin's inter- 
nuHliate betueen the extiviiies gi\en 

No h|nin>M lit 
a III 1(7 *1 

II :» .. 31 r* 

(i.’i 

4 .. iMt 

I :ij 

I .. .(.'* 


.S CMIVt/illl I 

I 

.. N 

Ml 

>' ilhfiAntihm^ I 

.. li 


The yeie^t S rinrisur I, it be iiienlinnri]. was iMoliited fioiii 
a '* to|i ' \e<iMt uhmI hi ail l''(liiibiir^ii l)]i‘iiei\ 

HiinH‘11 iiUn foiiiiii that ubeii these si\ \aiieties of \eaHtH weie 
eiilti\ate(| at triii|ieiatiiies ,i( whieli the\ loiild all forin ajKirea, 
the time iei|iiiie«l for the i oiiiiiiene<‘tneiit of spore foimatioii uiih 
(lifTenMil for the xaiious oigaiiHiiih 'I'his is illustrated for two 
teiiiperat tires in the tablt siibjoineil 
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spore foi mat ion oeeurti best wliiii \oiing and xipnoiiH ^east in 
spread m thin la\eis on a moist Miifaee ej/, on sines of eurrot 
or potato, or liettei. on a jilasslir of l^uis blot k standiii^*^ in distillefl 
water and Kept at a suitable tem])erut(jie To obtain the ^oniig 
(elirt the \east is <iilti\aled for Mime time in beer woit, and then 
a few diops ot thi.s aie mixed with simie fn-sli uoit and ineiibated 
at 12r> '2i\ foi tu<nt\-foiij liourh 

Jf then it IS required to aMertain whether a speiimen of ordinary 
brewerv * Itip ” veast, S rnm/nfr I, ih eontainiiiated with any of 
the aboNe li\e wild \eastH, the Npeiiinen may be tested by firat 
obtaining a eiiltiiie of \oiing cells an just described, and then lindiiig 
the time re(|Uin'd for sjMin* formation when a little of the c ulture is 
incubated at 1 1 12 on a, plaatcT of PaiiN block 

The IjIcm K iimsI for Ibis purjiosc; Iiuh the .sliuja* of a tnineated cone, 
and iri plaeeci in a glass vesael proxichsl with a cover To be trusl- 
wurthy, the e\|MTiment iiiuhI lie imiclo with sterilised upparatua 
The covered ghiHM \ ^.sel eontaining the dr> hloek ia therefore 
wrapped in iiaimt and heated in an air-oven for 1^ houra to a 
temperature cif ahemt 1 Itl After eouling, the pii|MT la reiiiovcsj, 
and the covc'r rauMKl a little to allow of a small ipjaritity of the 
yeast culture IxMng placed hc^n* and tliere cjii tlie lop of the bluc.‘k. 
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The covfT Ih thi‘n rrplami ; M>me watrr, KtcriJinc'd by boiling and 
aU(iw<;(l to r(K)f, iH iioiintl into tin* vi-ssel until itM level reaches about 
half-way iifi the lu'ight of the block . and (he uhole is then kept 
at A ieiti|NTatun' of II 12'’ ff aild yeustH are present, spores 
will a|>pear before ten (la\H They are rnognihed by examination 
under lh(‘ inieioscope 

Of the above- iiieiit toned wihl yeasts, varieties 1 and 111 of 
S PaitlnrinnuM are objeetionuble in bn^uing, since the former 
imparts a naiisi'oiis. bittei fla\oiir and disagreeable odour to the 
Imst, and tin* latter >euHt causes a ftersistent iurhiditv, us does also 
(S' eUifiMH^rufi \\. The wine -,\ east, (S* elhiiMmIcus is not detri- 
mental , nor, apparentU , is S PitHUiriamm II 

Hansen was able also to (‘lassifv the Saechurom^ cetes aeenrdiiig 
to their power of feriiieiitirig eeitaiii siigais He recognised thn't* 
types ■ (I) Yeasts which ferment maltose, dextntse. and saecliurosc , 
(2) those which an* not alih* to ferment maltosi*, hut can fenneiit 
the <ither two sugars , and (2) those whieli cannot ferment any of 
tha three sugars named Thi* first gioiip ineludes the oidinuix 
culture easts and most of the wild yeasts , the other group an 
of only minor iiiiportance in tin* prt‘sciit coniie(‘tion 

Pare yeast from a single cell. Hansim was the 

first to show' how, starting with a single cell, ]>uie \eas( could he 
obtained from it in an\ desired qiiantitx A \(‘r\ dilute mivtuic 
of yeast and sterilised water is made, and a small poitioii (»t the 
mixtUFO is Jiioeulated into a IiiIh* of sterilised wort (ontaining about 
0 or 6 per cent of gelatin enough to gue a solid jelU when (old) 
(The apparatus used is of eoiirst* sterilised, as in ordiiiiir} Imeteno- 
logical work, in order to h^si>n the risk of iiecideiitiil eonlumiimtioii 
ThV jelh haMiig him liipieM by gentle warming, and the >east 
well distrihuti*d through it by shaking, a drop of the Inpiid is 
exiiniiiied under the mienweope, in older to see if il is sunieieiilly 
dilute, and the ^eiist cells so far separated from oiu* aiiothei that 
then* IS no likelilusid of the lesultiiig colonies toiiehmg one another 
as they grow* This being ciisunsi, !>% dilution with more gclat in- 
wort if necessary, a dn»i» of the luixtiire is spread thinly over a 
microscope cover-glass, and allowed to solidifv under an inverted 
lieaker (to protect it fnmi eoiitaininatiuii) Tlie glass is then 
plaood, gelatin downwards, on a moist chamber, whicIi may he a 
gloss circle cemented to a inieroHeoiH* slip, ;Mid containing a drop 
of water to keep the geUtin from drying Some of the cells which 
are well apart from otlierw are then noted under the inieroscope, 
and their position marked on the cover-glass. (iSpreial glasses 
w..li nuiubeml squares otehed on are obtainable for this puqwsc.) 
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The slide is then kept at the ordinary temperaturp, or botteFp 
incubated at about until the eoIonicK of yeiwt havo grown 
suflicieiitU to lie sren li\ tin* imki'd o\o I hiring this iktiimI they 
arc vx'uiiiiiird uimIit the mii roseoiK* from time to time in onler to 
make sun* tlmt the imirki'd eolonus - or at l(‘a‘«t Mome of them — 



Ki . Ill -vi'iMiiAiis mil pRiirAi.M’iM. yfr \sr. 

Ill IIh’ iipiHT M's'H'l hiMtiil li\ nn inti'niHl ofi 11111 luil lln wurl U ^Irnliwl, 
Wliiili il iniMfi I-I IIII> III fill' liiWM VIH«* 1 < WIITI* llir lulliiri'-vi'.iit 11 
Hihifil ai'iMi iiriiwOi liiix iinHiciliil Hullhifiilh « iNiilmn of IIf> lliiiilil In 
iiiMM'l iiitii IIh >i 0 . 4 >iiiI limiT viiKi*]. iiti'iilH'il wurt run In an 1 «'|iin> 
SSliiUt III!' vi'aat I" ill M‘l ii'iiiK in tliU huhiiI vihk'I tin* uiiitriiiii nf tli> Itriit 
f'jin Im- run nH to vra»l-«iit" fiv iiiii> (Otfrnt uni OrniiR/i 


remain isolated, and de.not gf‘t (Huitamiiuitid by intiTgruwth from 
other colonies When the eoUiiuei* are large enough, a portion of 
a suitable one is removed with a small piece of sterilised pUtinum 
wire held in forceps, ami the wire is dropped into a Pasteur flask 
containing sterilised wort, which is then kept at a temperature of 
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about 25°, ,or altorniitivTiy at the ordinary temporaturo. In 
the eoiirHO of two or tlirei' dux's, or ninn‘. u( fording to the teini^ra- 
turc, lu-tive fertnenlutioii iviH have s(‘t in, nnd after a xrei'k or so 
enouffh yeuNt will }ia\e been formed to nlluK' of a larger quantity 
of wort being “ pitelusl " This in its turn produces a still larger 
amount of yeast flence. given that jinsnutioiis are taken to 
prcivent contumiiiation rliiriiig the o^MTationN, any flesired quantity 
of pure yeast can be obtained from the original single cell 
Special propagating iip|»iiraius, designed for the firejinratinn of 
a regular supply of pun* yeast on the foiegomg principles, is iiihtallcd 
in many breweries ami distilleries 
Single e(‘ll yeVists an* eiiiploxed with good ri'siiUs in distilleries 
and in niitiieroiis t'oiilimmtal and Ament an breuorh's, but their 
a])plieation to English “ top fermentation '* hrewmg has been less 
satisfaetorv, on aeeoiint of the dillieulty of olitaining n good 
set'oiidary fermentation in easks when such \east is list'd 

Yensls are sometimes reternsl to as Ix'ing •»[ the ‘‘ Saaz ” 1 \|m* 
or the “ Knihberg ” I\|H' The former teim indieates \easts whieh 
have a lelativeix small “attenuating" |Hiwer that is, whieh 
tirodiiet' a Itm |NTet‘iilagi' of nleohol, ahtml. S per eeiil )>y volume, 
nr 14 per eeiit of proof spirit , whereas FrohlaTgdx [)i‘ \easts haxe 
a greater attenuating power, iinalueing about 1 1 ]icr ii'iit of alcohol, 
or 19 of proof npirit Mon' of the maltn de\tims are fermented 
by the “ Knihberg ” than by the “ Snny ’ t\ pes of \ensl 
Two well known \eas(s laigclx iisetl aliiiiatl foi dislilleiy fermen- 
tations are known as “ Kaeu 11 ’ ami ‘ Knee Ml " The,\ were de 
veloped III tlermanx, anti ba\o given very gootl nNiilts in distillery 
pnietiee b\ reastin of llieir ability tt> ferment ra|)idl\ worts of high 
nt.n'iigtli Kace M is a ttip veast of the Kitihberg l,\ pi', lllstlnglll^hed 
ebietiv by its largi' eells , il is well adapti'fl for the fi'rmeiitalhin of 
Htniiig maslu's, ami has a giMsI power of resi.^t.'tiuc to the inhibiting 
elTeet of the high pioportion of .iholiol produced The use of a 
qiiiek-fermenting veast is advantageous, heeaii.se on neeoiint of its 
rapid growth it Mippn'sses laieteria and wild easts Alsu a dilute 
wort IS n'lutively iiion> costly for distillation than one yielding 
inon' alcoliol in the .same volume . henee the advantage of u yeast 
which will rapi<H\ ferment the more concentrated worts 
Mention mav also be made here of the “ Annaiii yeast, " 
iS a»amen.yiw, which has been employed On iJistillenes using the 
amylo-prueess (p 79) for fermenting mnsliessaecliarificd by moulds. 
This yeast is i'S^H'cially useful because it ferments sugars at the same 
teiiiiM'rnture ns the iiiiicors (moulds) mpiire whieh are employed 
to saci'linrify the mash, ^namely at :i5-38° It can therefore be 
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uacd togi'thi'r uith tho inoiilils, mi that sairliarihcation luiil fmiii'iita- 
tioii (‘iiii f^o on »iiiniiltaiU‘oiis]\ Tho organism u.m isolalod froiii 
a iiiiKturo of nild ,\ra‘<ts found on tho Mignr-r.nu' in ('in-liiii ('hinii 
Its colls an* normally o\al. though Mum* small, spherical imos may 
ho pri'sonl Tho optimum toiii|NTa1urc for spore formation is 
3:r lit nhich tcm|MTatiiro sponw form m nine hours . tho lower 
limit of tcm|M'ratiiio U 12 with tifti hours .is the time of spon* 
furmntion. and the iippei limit .Ti'. when twehe liours are 
rocpiired for the prodiietion of sjHin‘s .S' fenneiils and 

assimilates d(‘\tiose, l:o\iiloso gaI.ie\os(‘, suiiose. niiillose, 
and lallinoH- Lactose is assimilated. Imt « onl\ slightlx 
fermented ^ * , 

To produce alcohol in (piantiti, \east must not onl\ li\e. Imt 
gmw' '* Alcoholic feimentation never omiis without siimiltaneous 
org.inisalion, devilopmerif and miiltiplii.ition of lells, oi the 
contiiiiied life of cells alieadv ftirmed " (Pasteur) .Suitahle initM 
iiieiit must iheiefoie he supplied so that the lells mav inereasi' and 
miiltiplv Wh.it IS suilahle initiimeiit foi \eiV)t ^ A knowledge 
of the siihstaiiMs whuh go to foim the tis.siieH and contents ol 
veast (clls will p.irtlv' aiiswii the ipiesllon, and this hrings iis to 
a consideration of the iheinieal const it iieiits of veiist 
Composition of yeast. A notable feature of yi'nst in the 
large ])roj)ortioii ot nitiogeiioiis .suhst.imes which it eontiiiiiH The 
'HUiiitit> vanes a good deal, apiiarentiv according to the eoiidilions 
ot niilritiuii umler which the veast has Iksui grown , hut in general 
moie tliiui one half of the dry siihstaiiee consists of proteins and 
other nitrogenous hoilies The ]iro\iinate eonstitiieiits other thiiii 
nitrogen compounds imlude ghioireii, gum, muulage, i.it, resinous 
matters, and cellulose, together with a good proportion of inineial 
ingredients .As showing the average eoiiipositioii ot r/n/ veast the 
following anal \ sis iiiav h<‘ given 

J’l r f I III, 


ms. ]ii niiinli . If .’il H 

(luiii mill iiliici ( iiilioli^iliiili L'il .V 

Flit ' I I) 

Miiii'ml niHtliTs 110 

CrIliiliiM' mill iillii r mnstiliK iiU, h} ililTi ti iir» li T 


lINiU 

In pre.SNed > east -that is, yeast jiraelieally free fnun extraneoua 
moiHturf‘ -there is from 70 to 80 |H*r eeril of water present, mainly 
in the cells The following aiiaLsia of hrewerv veast gives partien 
Urs of tho Noliihle rntrngenon.s hralicH present ® 

‘ II Will, Znt'Mh Qtn lirawv, 36. 

* F L* Hii'U'l, J Itut Urewnuj, (Abil ), I'JKi, 22. S'lH 

F 2 



CRAP. 


52 


\TiCOHOL 


WiihT 


Brpw*‘ry ypant. 


8<>iui)li' iiiln)((f'noiH iNirlifs 

„ „ 
MirifTlil IlMltriM 
Ki'hiikiiih iiiutti rx 
Flit, clc* (flin4‘n‘iic‘i‘) 


Per pf*nt 
70 41 


1 V2 
1 1 »:> 
I 60 
OOH 
» ;i!» 


SoIuIiIp nitrogrnouH I 

Ppr cent. 


i 'Alliiiiiiinh 
AIIiuiiiosom 
I I’l'ptOlU'h . 
I^AiiikIph 


0 10 
0 05 

0 II 
OKU 

1 1 .! 


A niiiniMT of iiltimatR omilyHOH of the organic ftortion of dry ycant 
iiavc lu'iMi puiilUlicd Ihc average of Mt'vcral of tlicxc is mib- 
joiiicd - 

• Pit rnil 

CiiiImiii 4K !l 

1 1 (In >('1*11 li 0 

lOh 

<Kik'‘h (iiicIiiiIiiik a little ''Ulplini and 

lllidHlllloriH) lil.'i 


100 0 

Tli(‘ inorgiinic ronsliliiciito of yeast consist almost uho11\ of 
phosphalcs Of tiicsc, potassium phosphate forms hy far the 
largest |)art., the remainder being maile up of magnesium and 
eiileium phosphates, which, with a little sulphate and silicate and 
u small ipianlitv of inm compounds, praetnailU (‘om]tl(‘te the tale 
of mineral ingnslieiits Airording to lantiiiT, the average composi* 
tion of the ash left on incineiating \east is as follows - - 


Pi‘i lent 

IVitiiMsiuin iiMile (Kjtt) (oiehidiiia n htlli' snduiin oxide) ll'l 

Maaiiesiii (MaO) II 1 

Lillie (('all) .1 5 

lion oxide (Kejl I,) 0 5 

PlioMplione IK id (IV D eO (I 

Mul|ihuri«' iieid (Sd,) 0 (i 

Siliiii (SiO,) 1 :i 

liiKiedieiit'. not di>l« Miiined 10 


100 0 

It iiinv he galheriHl fnnn these analyses tiiat yea.st nspiirea for 
its growth a supply of both organic and inorganic nutriment, 
especially nitrogen- anil pntiuisium'(‘ompounds. and pliosphoniH. 
Mon'over, os alread\ seim, it contains no chlorophyll, and therefore 
must obtain its earlam in some soluble and assimilable form, since 
it cannot get it fniin carbon dioxide like green plants do. As 
regards the nitrogen, this can lie suppliisl by ammonium sulphate, 
fluoride, or other ammoniiiin salt : but it is found that yeast grows 
more actively if its nitnigenuiis nutriment is furnished in an 
organic form -r g , as amino-eoin pounds, amides, and peptones. 
Now these are pnK'isc'ly the substances which, us w'e have seen in 
coimeetion w'ith the germination of malt, arc produced by the 
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action of proteolytic enzymes upon tlio insoluble ]>niteiiis of malt 
and other grain In fact, malt wort, (‘ontainiiig ah it (hn's these 
asHimilable nitrogen eoin|HiuiidH. soluble rnrlMui nutriment in (he 
form of sugar, and phos]ihateR. with potassuim. luugneHiiini, and 
calcium salts, is u very excellent iiu'diiini for tlie iiouriHliiiieiit of 
yeast Much the .sume rnii Itn snid of gra|K‘ jiiiei' nlso Occahion- 
ally. however, and eh|M*eiiilly when a large iHoportuni of bn'wing- 
siigar or of unnmltiNl grain is ust'd in making (lie wort, (liere is n 
defieieney of suitable nutriment, and (liis detii ieiie\ is corrected 
by adding sp<>cial pre])arations of “ \eahl foods " 

Yeast can be " accliiiiatised ” to (he presence of antiseptics 
such as Miljiliurous acid and hxdndliione acid, and (an lie culti- 
vated to withstand th(‘ elTccds of these up to a eiTtaiii d(‘gree 
Advniilagi* h taken of this projM'rtv in ht'lping to keep distillery 
“ wash ' free from baeti'na and wild yeasts, which aic iiiiieh more 
susceptible to the action of nntis(‘ptics Distillery \en.sts (‘nil be 
aceustoiiK'd to grow a(‘tiyely in the pn'scnee of h,\diolluoMe H(*id 
or ammoniiiiii ihioiide t(< the extent of <1 2 |H'r c(‘nt of the f(‘riiieiitmg 
lupiid a proportion which is (piite (‘fTe(‘tive in'dcstrovmg bnct(>ria 
Also a slightl^y ai id “ wash ” (‘iicourages the(leV(‘lopmeiit of distillery 
yeasts, but is unfavourable to bai'tiTia and bri'wery M'asts , h(‘iiee it 
IS common 111 distillery pra(‘tie(‘, even when* hvdrolluone neid is not 
used, to ri( idify tiu* wash with lai tie acid or sulphuric acid Furtlu‘r, 
distillery yeasts deyelop la'st at a tem)N>rature (24 27 '") much 
liigluT than that most favmirable to brewery yeasts (about Job') 

By successive culture in worts of gradually iriiri'usmg Ntreiigth 
yeast can. up to a certain ])om(, be aeeiistouied to tolerate more 
and more alcohol, and its aliihty to ferment more concentrated 
wortH is thus dev(‘lo|H'd This pro|KTty is a|ipli(‘d in the nietluKl 
of fermi'iitation known as the '' .Molhant " pnaess, used abroad in 
the distillation of molasses. 

The zyma.se activity of yiast. whereby the lu'xose sugars (dextroHe, 
liCVuloHc) are conyerted into alcohol, laii be ('oiujiletcly .suppiesseil 
by nu'ans of tohieiu*, without tin'veiiting the oetion of the inaltaHe. 
Jt is thu.x iK).Hsible to investigate the maltase aetixity of yeast 
without the complication.s ansing from sinniltaneous fermentation 
pryaluced by the zymase Schonfeld and Krunihaar found in the 
course of aiich studies that by adding toluene in thi* profsirtion 
of S per cent, of the v^uiiic of the liquid, the eomjih'te siijipri'SHioii 
of fermentation enuld lie ensuml ' 

Antiseptics in general yiill prevent fermentation when pix'sent in 
relatively largo amount , but many, on the other hand, have a 
* Wochenach. Brau , 1017, 94, 157 ; J. Inti. Brewing, 1015, 8i 56. 
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.stiriiiiliitiriK flTrrt if pn-st^nt in only minute |)ro|)ortion Thus 
* mcn'iinc riilorKh' ut u eoiurntmtion of moic tliun 1 in 20,000 
iiihiijitH fcniii'iitulive action, hut at I in or less it has a 

favoiirahlo inlliictKc Salicylic acid in the ])rop(»rtu)ii of more than 
0 1 ficr c«‘nt hiiH a deterrent efTi*et, whereas less than one-sixth of 
this iiriioiint .lets ii'i a stimulant Phenol is irihihitive at n eoneeii- 
tration of moie than 05 |mt cent , and stimiilatiie at less than 
0 1 per cent Minute amounts of otIuT toxic substiinees. siieh as 
strvehnme* nicotine, ami carbon disulpliide, have alhO birn found 
to favour fermentation. 

Enzymes of yeasi. - it h to the-e imi'ortant siibstames 
thill yeast o\n'.\ its m\ertin)]! and fermi'iilalive propeilies They 
include siUT.ise (iiuertase), y\ma‘e. nialtase (^^lueaH*). I.ielase, 
hexosephosphatase, rediietasi*. earbox v Lise, melihiase, and eiido- 
triptase, as well as pio1eol\tie eir/.Miies which ha\e alreaih bei-n 
mentioned in the general deseriiition of tlu' eny\mes Hut xeasts 
of different specie^ do not all contain the same enxyines, and hence 
different }(‘asts beliaxe differeiitlv towards the xanoiis Hi^ais A 
partieiilar xeasl may ferment one supir but not nnotluT Ho far 
as IS known at pieseiil, onh thiee of the aldo he\o-e mi^mis, namely, 
dextioM*. <f lnannos(^ and dj»ala'tose, are dirutl\ fermeniable 
by veast, and onU one keto hexose, \i/, l.evnlos Ai cording to 
M P Arms(ron^^ all \easts whieh leiinent dextiose also atlaek 
mannose and I.eMilose Most \ensts e.in m\eil and then leiment, 
eane-sujj.ir, beuuise the en/Miie sueuiM* (iiueita^e) is of lommon 
occuirenee m the Msists On the otliei hand, the eri/Miie L’utase 
IS absent fioiii the majority of xeasts, and beiue tbesi* are meapablc 
of fermentinf^ milk supir iV ftwjiliM and kepliir iermeii' aie 
exeeptioiH to this the;, eontnin laetase, and ean brmp itboul the 
lei mentation of Inetose 

The following sxnojisis shows at a glance how the more eoijiinon 
siipirs are nffeeted bx a mimlMT of \eas1 speeies T'ennentation 
Is indleated h\ the sign | , absenee of it by the sijjn 0 
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A riuiiilN>r of oMiTvatimis mi tho hriisitivcnrsH of tlic I'hipf 
cnz 3 'inos of ordinary iravt towurdi* vaiioiiH rraj'rnts are nronli'd 
by T Bokiirny * Tliii'^ ii.^ rri;ardh th«‘ Invertase, |tlaml in 
alisolutr alriiliol for scxrial da\'' showitl no los^ of invortin}^ poxipr 
when rcMiioM'd On tin* othm hand, tiir inxi'MiiM' is dotroxi'd in 
iw('nh'’four h<»ur h\ a I {hm iciit Mtiiition of faiistio smla. tlnai^h 
not bv a Ti |K'r opiit. solution of foiinahli'lndo. Towarda acids also 
it IS fairly stable I'lfty int cent alcohol ilcstro\s tin' zymase 
activitx within In cut \ four hours, but 2tl }kt ci'iit docs not 
iSnl]ihuric or hxdroi lilonc and of 1 |M>r ii'iit sticnj'tli also d(‘slro\H 
the activitv Mithin txMSitx -foiii hoiii', as do l.utii-, aictic, and 
biitxric acids at o per K'lit •'tidiL'th thoii*;h not* at '2 ]icr ii'iit 
Aininonia solution at a c<ini riiliatioii of (Mio jn-r icnt dcstroxs 
the /^niase actixitv nithin foit> eight lionis and formaldehyde 
at 1 ))er cent docs so wilhiii twenty tom hours Solutions of 
neutral salts at « oiii entiations liclou 10 pci (cut aie harmless, 
and III some tases hciicticial As icgards maltase acliMty, 1 |M'I 
eciit caustic soda solution de^troxs this in a fexx lioiiis, lait 0 02 
and 0 I (icr leiit solutions ha\e no appienahle elicci in txxenty- 
foiir lioiiis U It Inn tin- '.ime peiiod 10 per leiit aholiol, I per 
cent aietic, laetn , oi Imlioi lilorn acid, oi 0 I pi'r cent formalde 
liyde, all act deletciiously 

Permanent yeast. Zxmin or pcimanenl xciist 
( acetone veast ' )isadry piepaiation olitniind hx xxcll miMiig linely - 
divided pressed biexxcrs yeast (500 grams) xxitli lUetone (2 litres) for 
tx'ii minutes to (lest rox thexitalilx oithexcast tells, ami then tdtering 
the mass and draining it with the filter pump The yeast is then 
again mi\e«l xxith acetone (I litie) lor two minutes tiltercd tlramed, 
roughly jioxxderetl and xxcll IviieatUd vxitli etliei (250 t c ) for three 
minutes, after xxliith it is once moic lilteieii ami ili.iined and then 
Hprcsid on filter jkiimt or jioroiis jilates and alloxxed to dry iii Iho 
air for an hour Kinally. it is diied for twenty four hours at 45". 

The imMiuct is n nearly white jHixxdcf ni whnli the yeast -cells 
are dead, and which therefore laiim*! grow and lepiodiicu itself 
Its cell-walls, however, arc iii(a*t, aiul its sugar h rmenting en/.yirie, 
zymase, i.** still active , so that even after keijung for years it will, 
when ground up and jilaced in a suitable sugar solution, induce a 
vigorous alcoholic fcniicntation. 

T. Bokoniy has rei eii^y dewrihed a inethral of prejjaring jaTma- 
nent yeaat which npjicars to have Home adxantages Acronling to 
this writer, yeast-cells may be killed, without destroying the activity 
of the zymase, by treatment with dilute holiitions (O’l to 0 5 jmt 
■ Zutach ungev CAern , 1UI6, 29. Itif. 31'J. 
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f cent ) of pujphuric acici, or nf vanouK other agonta, iiieluding 
formaldehyde, Hodiiim or ammonium fluoride, ferroun sulphate, 
ammonium oxalaii*, potaMiuni chlorate, ether, and chloroform 
Continued action of the toxic solution, however, ultimately 
afTecta the zyrnatu* also By waahing out the solutions with water, 
and drying the yenat, iiermanent yeast preparations mav he made, 
aimilar to the “ acetone yenat ” The proceas ia mui'h cheaper than 
the acotope and the ether-alcohol methods With the fluorides 
the results are not satisfactory Rapid treatment is not necessary 
For instance, using sulphurir* acid, it is advisable to leave the yeast 
in contact with a (1 1 |M‘r cent solution for several hours, in order to 
make sure of kiiling all the cells > 

Zyiiiin elm he deprivrsl of its fermenting power 1\\ washing with 
water, hut addition of hoihsl yeast jui(“e lestores this jhiwit Ilarrhsi' 
has shown that a similar ri'storation of iermenting acti\ it\ is brought 
about by adding potassium or ammonium |)lios|iha1e, togi‘tlier with 
either |)otimsnim pyruvate or acetaldehx rie B\ ilsell, llu* phosphate 
has no such elTect Thes experiments suggest that ])os.sibl\ 
aectaldehydc may Im» the “i-o enzyme " of \easl juic e 'PheN also 
indicate that potiissnim and nmmonium ions h.L\i‘ some spesilie 
function in fermentation which is not possc'sscsl b\ the* sorliiiin 
ion, since mlum phosphate ga\e imgatiM H*sults with aci*tnldeh>de 
Moulds (Hyphomyeates, Zygomycetes). These an' fungi forms 
without ehloroph) II, in whic‘h sexual rc'pioduc tioii takes place' b,\ 
conjiigaticiii, so that the moulds are somc'whiit liigluT than the 
yeasts in the vegetable kingdom 1’he mould spore* cle\ clops a 
iniieh braiiebed iiueeliiim, wbic-b spri'iicls oxer or tliioiigli the 
nutrient matter iii whieli the fungus grows The mxei'liiim sends 
up bniiiehes (lixph.e) into the air, which dexc'lop rcmiidc‘d and 
enlarged ends these arc the spore caws, oi sporangia, eontuining 
new sport's 

(Vrtuin of the moulds (J/aco;, spp ) have in leeeiit \eui-s hceomo 
of coiisiderahle importanee in the alcohol mdiistrx, owing to the 
fact that during the growth of the mxeelium thex secrete amylase 
(diastase), and also fernieiilatitm enz;xmeh Thus they can both 
saccharify stnn'h and eonx'ert the sugar so formed into alcohol. 
Chieflx, however, thex have been used as .sources of diastaat*- 
, activity iii the saiTharitication of stnn'hy matcnals, (‘fleeting in 
this way a c iiiMderuhle ivonomy in iiiiili 'riii* f(‘rnieiitation is 
then completed by adding xenst 

Amylomyces RouxH is a mueor which was l^olilt(‘d bx Calmette 

* AUgtm. Brau -Hopf Zett , I91H, 58. 1547 , J Soc Chem Itui (Abst.), 
1917, 86. 300. » Bwhnn. J., 1917, 11, 64. 
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in the year 1892 fniiii (liinom^ riro frriiieiit (^aliiielto otudied^ 
mon* e'lKi’ially itH Htarrh-mechanfying |>nt)H‘rtiCH, but n few years 
later it wan found (Roidin Siiiifnimetti) that this or^iiiiKni roiild 
uImo convert tiigars and flextnns into iileohoi and in 1808 it mas 
used indiiHtriiilly for this {iiir|MMe It ik from the A. Rouxll that 
the " nin\lo *' |)r(H‘ess of aleohol innking took its imnie Tho 
organism, houe\er. was leplaet'd later on h\ others whieh proiliieed 
less ai id 

« 

Aspergillus oryze, another of the moulds, was .si'parated fioin 
the ilaiNine.M* “ kop " ferments used in making “ saki " . and waa 
appliisl praetiedlx li\ Takiimine to tlie sueehaiiKeation of riee 
Its aetion, howexer, is too eiiergetie * 

Rhizopus oligosporus, R. Japonlcus, and R. Deleimr an* other 

inonlds whieh haxe hiH‘ii emploxed loi saeehaiifxing slareh their 
aetion lesembleh that of A. RouxIl. 

Other inneors. ns Muoor-/j (»litained from koji, and Muoor-y 
from Tonkin me, weie Mibsetpunllx isolated (lloidin, t'ollelti*. 
nnd Monsain), and luiMiig been found to piodiiee less aeid than 
A. Rouxii, haxe supplanted the lattei MUCOI Boulaid No Ti, 
intiodnefsl in MH2 bx the »SV Fran^aiM' (hft r/e ilnfio 

('him is claimed to be as Miong a .siieeharifx mg agent as the miieois 
prexiousix use<l industiiallx. and in addition, to do its woik in 
media lontaimng adixe biieteriii. so that there is no neeessitv to 
xio k under aseptic eonilitioiis * 

III COWKKSION OF .STAHOll AND Sl'CAK INTO 
ALCOHOL MVSHIXO AND FKKMFNTATlON 

Mashing. The object id ' nuusliing is to bring the Htarehy 
niaUTial into a condition fiixonruble for its loiixersion into sugar 
and othei pnaliiets bx the eiizxines present, and exeiitiiall;^ to 
effect this conversion 

In Continental jiructice the slaiehy siibslaiices potatoes, niaixe, 
rwe- are generally .st<*anied under jiressure to gc‘liitmise the starch, 
us a preliminary to the iimshing ojMTiition. Ai\\ other cereals 
u.sed may be similarlv tmal^il for eonveiiieiice of obtaining a 
eoiieentrati'd mash, although with malt, barle,v, wheat, and oata 
actual gelatiiiisation is not mn-ssarx for attack of the stan'h by 
diastusi* • 

The Nt(‘aming is usually effwted in a eoimal iron vessi-l known 
as a “converter," which is eommonlx of a size to take a charge 
of two or throe tons of potatoes In thia vchsel the jMitatoes are 
1 F P 450034 and 45BH15, .Sspt,. 1013. 
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i 8 iihjf>rlrrl to t)i(‘ iU'tKiii itf Htrnm nt a |)n'N<iun' of three atmcmpheros 
durini' forty five niiniih'H or ho, tlu‘ teiMfN>ratiire riMPf; to about 
IMfi ' Oil opening the rlineharKe val\e at the liottom of the eonvertrr 
when the Hleaiiiin^ ih KiiiHliiHl, the softened mass of ]K)tutoeH is 
forced out liy the iiresstin*. and {nimh(‘h throiifrh a f;nd or eutting 
arrani'ement whieti helfis to (Mimplete the pulpinf; of the muss 
The latter ^oi's then to a iiiush-tun Htted with rotatirifr slirnTs, 
where tlie ^elatiiiisatioii liniNhe^ iih the mass cimiIs down The 
cooling is etleeted liy water llouin^ tliroiif;h ‘‘ attemjierntor " 
coils III the tun, or, in some forms, 
by means of an extenml Mater- 
jaekel 

iMiii/e, ru-e, and other cereals, 
.-inee th(‘\ eontiiin less Mater than 
|H)tatfH‘H do, are mixed Mith one 
or tMo parts of Miitei before 

Mteiimin^ If \eiy drv, maize nmy 
be fii.st steepi'd iii Mater for a day / 
and if the steam jiressuie for the 
conyertei is limited, the f^oaiii may 
be coarsely ^lound before treiilmeiit 
Mith Milter Moreoyer, the prodiiid 
obtained bv steaming' mai/(‘ is 
lialile to foim a stilT. iinuorkahle 
paste on eoolint; doun, and to 
obyiale this a little malt (0.1 to 
I ]K‘r lent ) is added in order to 
elTeet a |Nirtial sacelinriticalion 
AltiTiuitiyely , a hinall rpianlily of 
ludnH-hlorie acid, equivalent to 
about 0 2 per cent of H(’l calcu- 
lated on the MciKht of the maize, 
may In> used instead of malt 
The effect of the acid w to 
convert the bu.sie phitsphates of the ^rain, which are said to 
be ehietly responsible for the partial bolidilieation of tho 
pulp or paste, into acid salts The eiNiraely -crushed maizo is 
mixed with tho requisite quantity of water, to which the hydro- 
chloric acid has lavn added, at a tomperidure of oO-OO^, kept 
stirred by iiu'ans of an air jet for an hour, and then run into the 
converter During the steaming o|HTatiou the maize is kept in 
motion by jets of steani or air entering nt tho bottom of tho con- 
verter, a small valv^c at tho top as outlet fqr tho air ; thia 
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|irpvi>nlM tlir softfiicil pruin Mtlin}; i1o\in iiikI hlorkiiif; I hr fliii- 
chai^r tiilx* Tlu‘ .sti'iunin}; takrn ahtml luii hours iSojiirtiiniHi 
thr ojM'nitioii IS ilnuh'il into two still's. Ilir rhiii^t' hnii^ finsHiHl 
into an iiitrnni'dniti' ronintn foi i‘oiii]>lclioii ol the ^rliiliiiisiition 
iN'Fon' blown Jiit(» thr innsh-tun llrif it is stirri'il and 

moil'd (IS iiho\(‘ dchirihnl, until tin* |in>|H'r triii|N>i.i(iin‘ for 
Aiin'IiarirKiitioii is attained 


The temperatutes at vvhiih various kinds 
an' given hv Lmtiier’ .is follows 

of starch an* gelatiniKed 

III iHtllllSIllllMI 

• 

tl lll]ll>llllll|C 

Mho Ii 

I' 

l<‘ 

MhiIc\ 


ITI> 

Miiiyc 

7."» 

MiT 

Miill, uo'i II 

s:» 

isr. 

Mull, kiliiiil 

SI) 

ITli 

nm 

Sfi 

IS.-1 

I’niatii 

n.-) 

110 

ItiCP 

HO 

170 

Hve 

HO 

170 

V\ III III 

SO 

170 


l)o\ and Hoaik, howixH, umiii; an l•l(>( tin ally hi'iitrd chiiinlMT 
on a inii‘iosco|M' slide, and takiiii; the Inss of optu'id iiniNotiopy ns 
indiratiim the point at whuh ){eiatinisation orcurh, fonnti that 
dilTereiii \arieties of maize have difliTenl tein)H‘ratures of f^elatimsa 
lion - The raiiKe found was fioin <>1 I to 71 I ' IVolmhU there 
fore the tem[ieriitures in the above table an* approvinintions only 
Saccharification. Vs alrearlv mdieated. the stareh 
does not itself nnderpi aboholn tei mentation , it is fiist eon 
verted into maltose and other |iiodnets bv tbe netioii ot tlie enzMiie 
diastase (amvlase) Thin diastase is ii.siially supplied b\ milt or, 
in the “ anivlo ' pioiess (described further on) by eeitain moulds 
The proper ipiantitv of malt, nmoiintinp to 3 per eent of 
the wei(;ht of potato ummI is f;rouiifl tiiielv anri arldeil to the mash- 
tun, where the st.irehv mass fiom the eoiiverter has been eooled 
dow'n to a teiniH'ratiire of ."ilt .13 '■ Tbe inasli has nsuallv a sjieeihe 
gravity of about 1 1 10, or, in the a invlo- process, about 1 070 The 
tein|ieruture mentioned is the one most favcairahle for diiistatie 
action, mill the masn hooii iH'ioiiies more fluid bv n'lison of the 
hqucfaetion of the atareh When a jHirtion of the liquid, tested 
with iodine solution, no longer pi ve.^ the blue e<ilour of atareh UNlide, 
the process of eonversieii is complete The time n'lpiinMl for thin 
may vary from one to thni» houra or more, aeeorrling to eircum- 
staiicea. 

> Urautr und Mal^r Knlitviar, IM80. 

> J Amer. Chem. Soc., 1917, 8B, 742. 



60 


ALCOHOL 


<VAt. 


• Usually thc> inaiih at this staKc is hcati’d to a temixiratiiTe of 
70-75° for a fcu' iiiinutfH in order to detitmy iiijurioiiM bacteria with 
which the wort ina\ have lN‘conie infected during the course of 
saccharilieution This is uc<‘oinpliHhed b\ n‘HC‘rving a jmrt of the 
hot, gelutiriiiM‘<l, starchy material in the converter, and allowing 
it to pass into th<« main bulk oh soon as the conversion of the latter 
is complet<‘d By the time the teni|KTatun‘ of the w'hole has been 
raised sulheieiitly to liestroy the inieTo-organisms, the starch of 
the fri'sh portion is .saei-haritied 

Whilst this raising of the teni]H‘ratiire destroys harmful bacteria, 
it is liable greatly to iiiifiair the diastase This is a disadvantage, 
beeaiise as long As diastase is present there is a further slow eoii- 
vcrsion of dextrins into maltose during the subsci|uent jM>rio(l of 
fermentation, and theri'fon* to that extent a la'tter yield of alcohol 
To allow of this further eonvei>tioii, one device is to raise the 
temperature, but not lN\\ond OH' Diastase in solutions eontaining 
iliiieh sugar can withstand this tem|M‘rature without its aetivitv 
being gn'atl> impaired, although in water aloni‘ it is much weakened 
even at 03 ' Another plan, now' fre(|uentl,\ adopted, is not to heat 
tho mash to thesi' high temiM*ratiin's at all, but to add a small 
(|uantity of hydrolluorie atud or of ammoniuiii lluoride during tin* 
fenneiitation This antiseptic, in ])ro|M)rtion u|) to about 0 2 per 
cent , IS not toxic to the eiizvines of veast which has been 
“ aeelimatised " to it, wheieas baeteiia aiv deslro\e<l at a far 
smaller eoneeiitiation Hence if this pnM-eduie is adoptt‘d, the 
saeeharitiention can be elTeeted at the most favourable teinjieratuie 
(51) 55°), and the diastase retained in full vigour to [ilav its further 
part in the sceondarv fermentation 

Whiehev'er process is used, the mash, after saccharification is 
eomplete, is cooled d(»wii to about 20’', and passed through a 
eeiitrifiigal or other form of de-hiisking apparatus to remove solid 
matters It is then ready to be "pitched ' with veast for the 
fermentation 

In this eountrv |M)tat<H's are rarely used fur making alcohol 
Mult alone is employ ml m muiiv ilistiilerics, chiefly ]M)t -still dis- 
tilleries which make whisky . but a mixture of malt and unmalted 
grain ia usual in distilleries using (latent stills tMnla.sses is largely 
employed in the maniifaeture of industrial alcohol ) 

The unmalted gram used is chiefly inam^ with a relatively large 
proportion of mult, ranging from 10 to 25 ptT cent. A (lart of the 
maize may Im' n*p1aeed by barley, oats, rim*, rye, sago, or wheat, 
ill various proportions up to 40 per cent of the whole 

A proliminary partial conversion of tho raw maize or rice ia 
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fp*nrnilly rffiTtvd liy tmatinp thi‘ i^ninil nmtorinl (priHt) with 
pithor 11 Hiiinll of niiilt. or \ntli Milphiiric (or liydnt- 

rhlorii ) iicid. In thi‘ former tlu^ ^iisl i'< iinved witli llirre or 
four limes its weiidit of Miirm water in tlir lOiiM'rter or " mam* 
tuii,'‘ and steam is jiassisl in until the liquiil ih iienilx at the hoiling 
|)oint in unler to ^elatmiNi* the Htun'li The tem|M‘ratun* is then 
nsliieed to 40", and ji quaiitity of green malt about 4 ]u*r eent of 
the grist hy weight, is suK|H‘nded in water and inixgl with the 
starehy materials m the iiiiiize tun After the aetion of the iliastasi* 
has proeeeded for an Inair or so. the iii.y^e or nee mash is run into 
the mash tun. m whieh malt and water ha\e alreadv heen ]iliieed, 
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together with any barley or oats that may Ik* required To faeiliUiti' 
drainage. ont-husk.s are oftim ineliided in the mash 

Matters are so ananged that when the mi.Ktiire is made the 
teiniieratiire is about the optimum for diastatie aetion (at) .m°), 
and not a1)o\e f)?" or SH"" in aii\ ease By inearis of stirrers fittisl 
in the tun the mash is kept well iiiixetl, and saecharilii'ation pnicecdH 
aiinee Warmer water is then ailmitted until thi* t4‘m|K*ratun‘ has 
risen to (13-05’, for the pur|)osr* of inhibiting baeterial develop- 
ment AftiT Mottling, the wort is run off, and the rpsidiial grains 
are extraeted again with hot water , in some cases a thinl or even 
a fourth extraction is made The weaker worts thus obtained are, 
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* after Heimratum from the grnifiH, UHerl for iimMhing the next 
ehar^e 

1'lie MUM'harilied imush ih then (‘4M)le(l drtwn and ])aHHod to the 
'* wnHh-hackH for fermentation In thiH eountry diatillers UHiially 
arrange the material.H of the wort ho that the .speeitie gravity of 
the latti r before fermentation is about I ()l{0 to 1 (t4d, or else 
1 045 to 1 05.') If tiH) tniieh sarr‘liarine matter is present, the 
large proportion ot aleohol formed tends to (heek fermentation 
liefore all tin* sugar is rleeom]S)HiHl, thus eausing a loss of material 
(iSfM'cial iiiees ot yeast, Iwwever, enn be “ .'Kclimatised ” to with- 
stand relativeK ^high eoiieeiitratioiis of aleohol, and these an‘ 
used on the (*ontmeiit, when* the 'Mhiek mash" s\stem is 
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praetisisl ) On the othir hand, tisi small a pro|)ortion of aleohol 
is uneeoiiomieul. b\ n-ason of the eom|>aiativel\ large ex])end]ture 
of lime and fuel mpiired for the distillation In distilleries where 
yeast is made, a low speeifie gravity of the wort is the rule 
Thick polato-inaslies an* eoinnicm in Uemianx , because there ia 
a tax levied W'hieli depiMida ui>on the capacity of the mash-tun, 
and the induceniciit thert*foro is to obtain the largest yield from a 
given tun Towanls the end of the fermentation, when the 
effervescence has niiKleratisl, water is added to dilute the mash 
This lowers the aleoholie concentration, and also that of the carbon 
dioxide, thus allowing the ^\east to complete the fermentation 
better 
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Saeoharifloatton of grain mashes with a small proportion of malt.-*- < 

A VoHW'ux describoH the following proreiliire, wliicli Iiur givon good 
results, and is rn'ornmendt'd to dLstillors w]i(» uihli to nbniidon 
aaocharilication by acid in order to priKluce Hpent gruiiiH suitable 
for feeiling purposes ^ 

The raw grain is “ conked “ as uMiiil, and tninsfetTcd hot into 
small closed vats similar to those iisiul in the ain> In ' process 
(p. 7U). When full, the Mit'i an* cisdi'd, sti'iihscd air licing intro- 
duciMl meaiinhile When the teinpcruliii-e has ialleii to rsl . a 
mash of gn*en or dried malt, ii‘pnsi‘iili»g to o per icnt ol the 
charge of gram, is added, and the ehaige is kept in motion, Mithoiit 
further cooling, for an houi. within whuli |M‘Mod*tlie sacehuriliea- 
tioii is complete TImtc is little risk of iiiieetioii, but iintisepties 
mav be useil if nCeessar\ 

Cnoliiig IH then n‘sumed, and the \east is intriHliiced when the 
temperature has fallen to .‘lo ’ \l 21 ‘ eoolmg is stopped After 
the feriiienlation has heeonie vigomiis, tlu‘ ehaige is traiisfernsl 
to open vats, in whieh tin* feriiientiilion is eonipleted as usual 
Saccharifleation without malt or add. In nrtam sinall Conti 
iieiital ilistilleries spirit is made entirely from law rye No malt 
or and is used tho stnreh is Haeehanlied by the diastase present 
III the raw' gram 

Tliirl\ kilos of r\e grist are added all at once to M litres of water 
at tl4 ■ The mash m n>\eris| up and st(s>|N>d for half an hour, by 
whu'li time the tem|S'r.ituie fulls to 41 Boiling water (Ot litres) 

IS then added, in <iniei to raise the tem|H‘riilure again to IkVtWi 
After the iniish has stcsid for it further two liouis, cold water is 
stiried in until the temperature tails to :il ' At this stage pressed 
\eust (i lb ), worked up with water, is addeil, the mush eooled b> 
a fsjil to M)', and jia.ssed to the lermeiiting-vat The fei mentation 
ia started at Hi , and gis's on for five days 

Iiivestig.iting the yielris given l>,> tins proe<‘ss with rye and otiier 
materiiils -wheat, barley, oats, maize, Inick wheat, nee, millet, 
jiotatoes, 1111(1 artichokes -Wmdisdi and .fetter found that rye was 
tho only gram that eontaimsi hiiflu lent diiistase to \ leld as much 
alcohol without malt as w'lth malt Wheat contains a good propor- 
tion of diastase, but not enough to give the full ueld of alcohol 
unless some malt is added Buckwheat u|)])roximates to wheat ; 
barley and oats give Tow'er results Maize eoiitains only a little 
diastase, and the raw’ starch is iiiui'li leas readily Haeeharitied by 
malt than the steamisl tnuHTial ; rice and millet ara similar to 

^ Dull Aame ('him Surr , I <117, 35. 2,17 ; .7 Iwl (AIniI ). 1017, 

35. 1284. ■ Ztrtarh Spirdumntl , l!IU7. 30. Ml. ri.12. 
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maiKP P()tat()4‘H contain only tract's of (litiataso, and the raw 
standi in oiil\ |mrtially saci'harititsl by mult With artichokes, the 
whole of the miiliti ih saechanticfl, whetlii'i' mult ia used or not, and 
whether the iiiulerial is steamed or not 

Brewing extract." -This is a term comriionly used liy 
distilh'rs in this country to denote the weight, expressed in lb , of 
the dissolved material preuent in the wort It may be euleulattKl 
Fnim the ^pecifie gravity of the wort thus - 
Lnt the sp ^r he, Cor oxample, 1047 (water ~ KHK) , it is iilwajB 
(ukiMi thus ill ]iraetice) ^ 

Weight of a Kalloii of water - lO lb 

wort - 10-1 047 lb , 

HI 47 lb 

dissolved extractive matter - weight of wort numut wc'iglit ot 
water HO 47 -10 - 0 47 1b 
This IS the brewing extract per gallon of wort 
Keiice to find the brewing extract for any given (|iinntitv of wort. 
miiMiply the number of gallons of wort b,\ thi‘ expri^ssioii 
sp gr of wfirt - HMMI 
lin 

Example -(liven 7tMMl gallons of wort, sp gr lObl The bn‘w ing 
extract is 7000 - -s ;nr>0 lb If this lias been producisl from 
HOO biisliels of malt, the brewing extract per hiiftkd is llloO 3(Nl - 
10 5 lb ]'r-r hu.slie1 Thi.s would be a fair averngt' ,M4‘ld from iin- 
screened malt From sensMied mult, the average yield would he 
higher -about 1 1 lb extraet p(T Imsliel. 

Changes during saccharification. - The action of 
diastase upon starch is one of hulrulysis, whereby the starch is 
converted into dextrins, mnltos(‘. and intermediuli' iirodnets The 
changi's involvisl an' very complex Much study has hivn fleviitcd 
to tluMii. and much diM'ussion has en.siied. but it cannot be said 
that there is even yet general agreement ns to the exact truiisformn- 
of which take place Nevertheless, the main outlines of the 
.laiiges are established deliiiitidy 
The hyiKithesis most generally fax'ounsl an to the reactions which 
(H'C'ur is one due to Brow'n and Morris.^ These investigators (‘xplain 
the action of diastase ii{X)n soluble starch, at iiiashing teiniK'ra- 
tiirt's, as n progn'ssive degradation jiroemKng as billows 
The starch niuleeule is regnrdisl ns being eoniposisi of livo 
" amylin groups, eneh hanng the formula (Ci^H ^ 0 , 0)20 Four 
of these groups are airangnl about the fifth. 

^ 7'mn«. Laimmtory ('hih, 18'J(I. 3. 1)3. 
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Whi*n attacked l>y dinatase, the starcli niolcciilc first breaks up 
into its five coiniKiiicnt groups One of these is very niarkcilly 
resistant to further attack (''stable dextrin"), the four otheis 
(“atiiylin " gioups) ate more n^adily h}dioly'»abIe 

iSliireli iitfili I'lile Sttkl)li- i1i \lrin Aiii\liii 


The aiu)l]n groujis aio then piogre^si\c]\ Indiolvv'd into 
“ aniyloin " or ‘ iimltodextiin " emnjilexes Karh t'l 
in its turn takes up a moleiulo of watei, fonniii!' a ni.iltove group, 
('jyllsjOji, ^\hiell. houever, n'lnnins for •the lime atliielii'd t«) its 
aniytoMi complex Thus this liri>t .^lugo would he 


(( l|o)ao 
Aiii^liii I'naip 


11,0 

W 110 I 


Miiloiili \1iiii (iiiii) Imii] 


All mlcniy'diiite stage, when iiioit* inaltoM* gioU|)s have licen 
formed, would gi\(‘ a ddlereiit inaltodextiiii. • ij . 

!(( lillti/^ubo 

111 wliteli th(‘ I'haiige lias pioteeded half way T1 >> liiial nialto- 
ilexlini would be 

((*\J^.<»ii).. 

As the li,\diol\'<is protissls, the complex maltod<‘XtijiiH bleak 
down into smalb i iiiob'eiilar aggiegatiojis, whuli, iiowe\ei, retain 
111 the ( liaiMi tei'istics of the nialtodextims This goes on until 
the maltose stage in leiuhed that is, until all the I'ljHgvOj,, gioujis 
of «i maltodextiin liiive been lixdiol^sed to I'ljIkj^O,, gioups 
Thus, for example, tliu partu-ulai iiniltodextim last rnniiiilated 
ulioxe would, on taking up anotln i iiiolei'iile of water, gixe 2t) mole- 
cules of maltose . - 


.Mull iidi Mini Will! I 




XIiilliwi’ d 

It follow.n, then fore nieordiiig t«i Hiowji and MoriiN S viem 
that if diastuse is allowed to art for a Milheieiitl\ long time on 
starch under pro|MT eonditions ot temperiituie, the products will 
eventually l>c maltose and " stahle dextrin, ’ the latter being only 
very slowly aitarkcfl • 

Ah already indicated, however, the reaelioiiH aix* complex, and 
other piodiicts than those mentioned ha\e heisi found. TIiuh 
I jing and DavLs^ have ahown that df*xtrose also is formed by tbo 
* 3'runM. C'hem.Suc., 1UU4, 86, It^i 
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prolun^od action of (liastoBc on starch ; and the production of an 
“ irioriialtose " (hintner) or “ doxtrinosu " (iSyniewski) has also 
been noti^l. Maker and lliiUon^ have found that ulion dJastaKo 
acts on barl(‘y starch giamlfH the products arc maltose, dextrose, 
dcxtririH, and a d(^xtrin-hke carl>oli\ dratu liaviiij; the same mule- 
cular a'ci};1it as maltos(‘ 

(hider the ordiiiarv iiiashin/; conditions for brewing, when* the 
action of the diastase is stopiMsl by boiling the wort, thiTc will 
lx* a considerable pnipoition of the iriterniedniti' iiialtcHiextrins 
|iresent, as well as tin* maltosi* and stable dextrin These ni.ilto- 
dextrins are important to tin* biewi‘r of beer, bis-aiisc they aie less 
readilv feriiieiitcd than the inallosi* in tin* main fermentation, but 
are gradmdly broki*n ihiwn, and undergo a slow' “ Hecondar\ " 
fermentation whilst the beer is stored m casks, and thus ]ire\ent 
It becoming Hat " The distiller's inten'st, howeier, lies m having 
as much as possible of the wort dins tly feimentahle, m order to 
get the best yield of alcohol Heme the wort is not boded, but 
th(i diiistiLse is allowed to act as fully as possible, and this not only 
during the mashiiig, but during the subseiiiient fermentatinn also, 
when, under the eoiiibiiied action of diastase and yiisl, the lemain- 
iiig nmltodextrms and c\en tin* ‘ stable" d(‘\tiin aie largely 
converted into fermentable sugars Smee the distilh'r's wort is 
not hoihsl. it is, as alii'ady menlioiied, more* liable to lau'l(*rial 
eontamination than the brewer\ wort is, and iKsiee a uses the 
necessity b»r heating to a high t(*ni|M'ratiire ((IS' or 7r>') after 
Hiieeharilieation , or, alteinatueU , for tin* use of huliolliiorie 
arid or otlier antiseptii* 

Saccharification of starch by acid. It has 

bfM*n meiitioiKsI aho\e that the preliminaiy eoiiicrsion of inai/i* 
or nee ma\ Ih' made with acid, ns an alternative to using green 
malt For this piir|Misc, the gioiiiid gram is mixed with thiee to 
four times its weight of hot water, and dilute sulphurie acid added 
The ((uantily of neid used is eipinnleiit to 1 or 1.{ ])er cent of strong 
Hiilphurie neid, ealeulated on the weight of tin* grist, or a eorrc< 
spondiiig amount of h^diXK'hlorie aeid may be used Steam is 
fNissed in until gelatiiiiaation is ciTeeted, tin* mash bi'ing kejit 
stirri'd during tlie proecss The neid is then largely neutralised 
with milk of lime, and tlie liquid brought to the aetnnl neutral 
(N)int, or near it, by means of ealciiitn earbonate After being 
cooled down to about (13** with water, tlio gelatinised starchx product 
ia nin otT into the mash tun, and the process linished as already 
described. 

> a'ras«. VhiiH. So,-.. 1914. 106, 1C29. 
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In some ('ontiiientnl dihtillmrs an (^Hontin1I,\ siniilnr ])rnr('BH 
u UHfMl, bill tlii‘ (H'uin \» linitril iinilor m) as to a inori' 

cuiiiploto t'unv('i;*i(»ii, iiial in a Hhorlor tinx* Tlu* inni/i* is iiiimhI 
with tuo and ii half tiiiuvs u.h Mci^hl of liot uatiT iiiiil htfanii'd 
iiii(h‘r a |irrshun‘ of thm* atnioNphoii's for t\ui to thi('«' to 

rlToct ^rlatiniMition Stnui^ ]i\ drorhloi a and (•« tlini addrd, in 
propoition (‘(piiv.ilont to |H‘rrcnt of thr wriLdit of niairi* Afloi 
('<inif)li'tion of thi‘ wKrhnntiradoii, whuii takes about half an hour, 
the wort ia neiitialised. eooh'il, strained, and lun into the ri'iinetilint; 
vain 

The main eliemieal reaetion tK'eiirMn|r in this pnn-e>»s i»| acid 
ancM'lianlir-atioii is the h\dio- • 

Ix'iis of the staieli, first ti» 
dexi rills and inaltnse, and 
then to dexliose as the final 
prodiiet It may be miiii- 
iiiaii^ed in till' e'|iiation - 
211 , 0 - 

Sluoll 

111 ]iraetiee, hoMe\er. more 
or 1<‘SH of iinehan^ed de\- 
tnns and maltose remain Mith 
the dextioH* jirodiieed 

NoIkI “ L'hieose " and pbi- 
eose^^rnph intended for fei- 
mentatioii puiposeh are aUo 
maniifaf tilled in a himikir 
mannerp namely, 1>\ t on vert- 
inif the starch of mai/e, nee 
etc, into sii^ar through the ^ I'M ::o imi-'iin 
action of m-ids The een-ai Mib ' *" h, 

Htniiees are heatiMl with water 

under a pressure of about three atiiiospheies, until the stair li\ 
ninterial is eonvertrsi into a paste Tins is tlu'ii mixrrl with the 
recpiisite fpiantity of siil|)hiine nenl (about It ]ier »-4nt of the wi%di1 
of f>riiin tn'ated), and the luaitiiif; rsintinueil until the eon\eision 
IH complete The aeirl is neutralised with rhalk, and after settliiiK, 
the clear lirpiul is n'lnoved from tlir> preeipitatiil ealriiiin sulphate 
The liquid, after heiiiK fiKercd through animal r hnnnnl to decolorise 
it, is concentrab'd in mcuo, either far enough to solidify on cooling, 
OP only sufficiently to yield a tJiiek synip, aerorrling to whether 
Boh’d glucose or a glueosc-syrup is required. 

There is a good deal of Tariation in the roinposition of the 

F 2 
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products Solid c[lucoso generally containfi about f»0 to 80 per 
cent of doxtroRT. a little innltoae, and doxtrinn up lo 10 por rent 
or iiinro : the svnipa may contain about 50 to GO per cent, of 
dextrose 

Worts from Sugar-containing^ Materials. 

Sugar-beets.- -Tn France, the juice of beets for alcobpl-mnbing 
is obtained in a manner quite nimilar to that adopted in tbo sugar 
factory for extracting the jiiico to 1 m» list'd as a aource of augar 
After being uasluxl and Hliced, the beets are extracted uith water 
by a process of diiliiaion, wliii'h takca place in a Ixfttery of vcrrcIh 
set in series Those vessels, charged with the slices of beet, are 
ao arrangctl that the water iasuing from the bottom of one vessel 
piis'^es into the top of the next, percolates downwards through the 
packing of beet slices, and extracts their sugar as it goes Thn 
same thing occurs in the next vessel, and thus by the time tbo 
end vessel of the series is readied, the juice has become sulbcienlly 
rit’li in sugar to be ready for fermentation. To ininimisc tho action 
of harmful bacteria during fermentation, the juico is slightly 
aeididcd w'ith aulphuric acid, and frequently small quantitii^H of 
antisepli<N such ns fluorides are added 

S In Austria-IFungary, also, sugnr-l)cets have in recent years been 
I'xtcnsivelv used os a sourco of alcohol ^ Many of the distilleries 
uso the difTnsion process described above; but others utilisn the 
plant fornK'rly employed for mashing potatoes, and extract tho 
beets bv heating with steam under pressuro in a conical (“ TTentzo ”) 
converter llie beets aro freed from leaves and then tojiped, the 
roots and tops being stored separately and the tops worked o(T 
first, as they arc morn prono to lose sugar during storage For tho 
steaming operation a pn'ssurc of two atmonphcrcs, maintained for 
ono and a quarter to ono and a half hours, is suflicient, all the, 
sugar being then dissolved, and tho beet tissues mliiecd to a pulp 
Botli potatoes and beets aro sometimes streamed together, thn 
lower half of the. converter being filled with potatoes and tho 
upper half with l>oets. When the steaming of tho ])otators is 
comiduted, they aro blown out into the fermenting vessel Thn 
beets require longer treatment, and are given another half-hour's 
steaming before the puTped mass is in its turn blown out to be 
fermented Economically, the uso of beets is said to compare 
fa^nnrably with tliat of potatoes 

Molasses. — In preparing beet molasses for fermentation, it is 
* K. .\iiIhI, ZcitMh. Spmtunnd., 1011. 34, 230. 2G2. 
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usual to stonlisc hy Nlip;htly aciilifyin^ tho diluted molaRses, 
and Istiliii^ the solution A jHirtion is withdrawn after cooling, 
partly feniienteil \uili \e4ist, and returned to the hulk with iho 
now-iiiereased anioiiiit of \(‘ust to eoiii]il(‘tu the main feimenlation 
As the luolassrs theiiiselvt's aie ]M)or in yeiist-food, it is the jiraeticc 
to add a little iiialtop(‘ptone or saeeharilic'd inaiKc, or other nutrient 
rill hsia nee 

(•ane-sHgar molasses as umsl in this (‘oiintry are snu|)lv dissolved 
in watiT to inaUi* a uort of sfMs-ilie gravity ahout 1 ( 13(1 to 1 040 
In geruTal, no |ireliiiiinAry inversion of tin* eane-sugiir ])res('nt is 
eonsidered necessary, the action of the invertnse of the \east during 
ferment at ion heing sunieieiit tii inviM't the eane-siigar and nsider 
it fermenlahle When a preliminary inversion is reipiired, it is 
earned out hy tre.itnu'iit of the diluted molasses with acid at hoiling 
lem|ierature for an hour, tin' aeid heing Niil)se(|uently nearly 
neulralised hefoie the fermentation is started Alternatuelv. 
a special mxeisioii o)M*r.ition with \east may he (‘uriied out. at a 
tern |»era( lire of ahout TiO ' 

In (he tnipu's. juiee e\pivssed from tin* sugar-iNUie and con- 
taining ahout 14 per cent of sugar, is fermented diieeth A wild 
yeast IS found on the .surface of tin* earn*, and this sets up an aeti\e 
spontaneous feinn'iitation when the juiis' is kept at a tempeialiire 
of 30 33 " Xipa |Nilm jiihr is liable to contain a })ero\>dase, 
some! lines m .siillieieiit ipiantilv to destioy an appreeiahle iiropor- 
tion of the sugar, and (he jiiiee is therefore trealisl with a siil])hite 
to reduet* (he |H'ro\\d.ise hefoie feimenlation A wild \easl i.s 
also present in nipa-jiiier, and is used tor the direit fei mentation 
of the Slip In dis(illeiie.s which employ both nipa juiee and 
molas.se.s. it is the piaetiee t(» inoeiilati* a (Mirtion of the diluted 
molasses with nipa jiiiee to pnsliiee a ferment, winch is then u.sed 
lor the fermentation of the main hulk 

Fermentation. When the s«ie(*hariru'd wort obtained in 
lilt* manner described has been cooled to about lo 20 ° and run into 
the fermenting veasids or ‘■wash-hacks,” it is “pitched” with 
>easl to start the fermentation Hrewery yeast (top ferinenta- 
tion) 18 often used, hut the best results are given with special distiller)* 
yeasts - that is, st*lected euUure-yca 8 t.s adapted to distillery condi- 
tions If pn\ssed yeast is added, about ^ lb are etn]iloyed for 
every 100 gallons of wort The usual practice, however, is to inako 
what in this country is called “ huh a small-scale preliminniy 
fermentation in a giaul malt or malt and grain wort This is 
“seedwl ” with the jeast and set to ferment a few hours befo^ 
the main wort is ready for pitching ; it provides a culture iif 
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vif;oniuK xoiMt-trlld. nnil is to tlir iiiiiin uort in thv 

pro]'M>rtioii of 4 to r» |kt rrnt 

fl is iin|M»rtanl to clu'ck tlio f^iowth of liurinful ItArtrriA in tlu' 
early hIaui's, .is tlu'St* orf!nni'>iii.s, liy tin* sii1)>>i(li!ii'\ fenneiit ill ions 
whii'li tliry s(‘l lip. both (iiininisli tlio ^icM of tili'oliol and lower 
its quality (leiKTallv, in the ]mst. liietic aeiil has hi'eii used for 
till** lairpttHC, since a sli^htlv at id wort lends to inliil>]t tli(‘ haeleiial 
development, whilst favouring the (fiowth of the dislillei\ \east. 
The aeid is produced in the se|Miiati‘ small mash or “ Imh " hy 
iiioculatiiu' this, hefon* addin;; .\e.‘ist with a ]aiie eiilliin* of the 
hu'tie acid haeilhis at a li‘mperAture of .'»(! ' The ai'id itself eventu- 
ally cheeks the i;rowth and aeluity of the hai illi iHiieh produce it 
The qrowin^ organism, however, should not he mtrrtdiieed into 
the mam wort, there to icjiivenale itself and produce iiimecessary 
acid Hence its destriii‘lioii is usiiallv madi' certain h\ healm;; the 
hiihtoahoiit 71" aftiT a siil1in(>nt acitlilv has heen priHiiiced When 
I'ooled, the mivtiiu* is seedisi with vcast and fermented as alreailv 
dcscrihcd 

Litterlv, how(V(‘r, tin* imihod most m favour lor ehminatniK 
uiidesiiahle mi<'io-oi;;anisms is the emplovment of anlisepties to 
whuh the selcded vciist has liceii acclimatised Thus small pio- 
portions of hismiith nitrate or eahium hisiilphite h.ive heeii used, 
hut hvilrotluoTic add oi ammoimim fluoride is now almost alwa\s 
chosen Tlie |iiopoitioii of the add emplo\ed is m i;cueral such us 
to ^ive per cent of IIP ill the wort This is leasoiiahly 

elTeitive ai'aiiist harmful haiteiia, wheieas yeasts dui he auiis- 
tomeil to withstand fmt,v times the amount When such acclima- 
tised veasts and the thi<»ride.. aie used, the previous saci hiiiitica- 
tioii of the starch hy diastase lan he uiiiied out at the tcin)>eiiituie, 
•m", most favouruhle for the production of mnitose (KfTroiitH 
methiHl) 

III the r-arlv sta^e of the feriiientatioii process then* is a riijiid 
development of the vcAst, for whiih the Is-st tempcratiiie is ahout 
17 - 21 '^ The trnqiorature rise.H as the o}HTation proceeils, and the 
main {ermeiilalion oceiirs, in wliiih the malt(»se and dextrose are 
trnnsformed into nicohol , thia piK*H on liest nt 20 30 ® A sceoiidHry 
fenneiitation also ciiaues ah the wort Ix'coineH w'Arin, the diastAM 
acting on any flextriys which remain, and gradually coii\ertin;i 
them innru or less eoin|Jletely into fermeiitahle siigarH, to Ik* pronipti) 
attaeked by the yeast During the early hours of tho proe(*s8, Ihi 
“ wash " (us it ia now termed) in roused to aerate it and exjiel tin 
carbon dioxide formed, and the leniiKTatun* of Ihn wash is preferably 
not altowiMl to rise above 3 (»®, at any stage After about forty t( 
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foriy-ri^'lii lioiir^, (lie rhirf ferment a( inn is o\('r, nnd the wash 
lias liecoiiKs “ utteiiu/iteil ” down to ri HjM'cilic pravity a])] in )\i mating 
to tliat of water It is kept for another day at 25-20**, by the end 
of winch lime the process is lomplete. The wash, when ready for 
distillation, contains usually about 12 jier cent or more of alcohol 
where till' system of using eonceutratcsl worts is in ])ractice, or 
from 41 to 7] ]icr cent wluTe, as in most distilleries in this country, 
the. w'ort belore fermentation has a spemiic graMty of 1 (KJO to 1 O.m 
T he fei mentation of beet mashes, or of mixed beet nnd potato 
mashes, is canKsl out ni Au.stna-1 lungary n.s follows^ With 
beet-mashes abine, Immt \east is .soimdimcs iisisl. the ])roporlion 
being 1.") to 2l) Irtres of fre.sh _\east to i‘ach 101)0 litri's of the mash 
Alti'i' twenty-four hours, during whi(‘h time about Iwo-thnds of 
the sugar is termented. a further (piantity of fii'sh bei't-ma.sh is 
added, and fcriiienlntion eontinued to (‘ompletion in another 
twi'iity four hours (*iilture usist.s are, howexer, picfer.ible to 
beer-yeasts, and the best results bine been obtained with a pnri' 
liiltnre wine ^xeast eapahle of fermenting both sin ios(‘ and ranino.se 
sugars This \east. is grown lor tweiits four honis in a portion 
of the heet-ni.ish whieh has lieen aeidilied with siiljilniiie acid, 
siillieient to bring its total .leidilx to 0 7 , tlu' temperature being 
kept. Iielow 110' 'I'lie partially ieimented piodnel is then mixed 
with flesh lu'et-mash.a jioilioii of the latter, howexer, being re.ser\ed 
for growing the \east to Is* ii.sed in the next day’s mash 'I'he 
tem]ier.iture of the main mash is maintained at 2!)'* for eight to 
ten hours, aftei whieli the lem])eratiire .shows no tendiMiex to use 
Kemniitation is eomplete in txxeiitx -four hoiiis after niiMiig Jt. is 
immaterial xvliether tlie fenneiiting \ats aie closed or ojien. Mine 
there is little dangei of iiibriion WoiKing with the eultun-veast, 
the (|uanlity ol ale(»liol jinidiieed per 1(H) kilos, of sugar jin'sent is 
iihout 00 4 Idles, wheieas when las’i-xeast is einjiloyed the yi(‘ld 
IS only Of to ,7,"i litres 

Wh(*n both beets and jiotatoes (or mai/.e) are used, the potato- 
(or inai/e ) mash is first fermented for twenty-four hours at a 
teniperaturo not above 25". At the end of this period, llic bcct- 
mash is xxell stirred in, and the formentatiun allowed to proceed 
for another txvcnty-four hours, by which time it is complete. 

Changes during fermentation.— When yeast acts 
upon the saeehnriiied starch of the wort, it converts the maltose 
at first into dc-xtrixse 

Slaltoso. Pt .\lro!W'. 

^ K Aiilul, Zri/AcA SpirUtutiul., 1911, 34, 239, 2.12. 
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Tlii'i r<in\orsi(in is hnmglit alwnil tlirmigli tlu’ agciir) of llir 
cnxynu', nmltast, (‘iinliiim'il in onlinnrv u'nst 

Tlio <1i‘\lioso IS tiu'ii (1 im‘()iii|)oslk1 h\ tlu* lu tidi) of nnotluT >(‘nsl 
onzyinr nnnu‘l\ ://;/»« v. iliioMy inti» alooluil and carlioii dn»\idr 
Til tin* main, tlu* clinnut* juockmIs m cording to tlu* following 
equation - 

1)i\ftiiHi‘ VIiiiliiil I .iiliini iliiiM(li 

'I'liiS liowcxer, is very far fioiii lepreoentinir all the jiiodiu’ls (it 
the eoiii|)U‘\ senes of ehangi*s iiieluded nigler tin* iianie of aleoholu* 
reriiieiitalioii Manv h\ prodiiets n*snlt, the nature and ttnipoition 
of whiili depend upon the londitions i tj , the i*liaraeter of the 
uort and u-a^t Chief among these liv prodiu ts as i(‘g.ii(*ls ipiantitv 
aie giveerol, tusel oil, and siueinie aeid ; in sinalh‘i jiroportiiais aie 
othei tattv aeids (foiiim metie, propionie, hiitvne. ami Imtie) 
\Mth aldehviles and v.iiioiis esters (ethvi acetate, hutviale, eapioate. 
(t< 1 

I’.isli'ur Hint ohsci\(‘d (IRaS) the eoiistant odUlieiiei* ol gl\ei‘iol 
in till feriiK’iitahoii of s.igai solutions; tlio ])riMi,ietion of sueeinn 
acid had heen noted lo, Sehiindt eleven V(*afs |)reviouslv 'I'he 
quant It V of L'liteiol found hv Pasteur uas .‘1 Hi jier rent , and of 
siiieiine .leid (Hi? ])er eetil., of the vvdght of eniie sugar taken, 
hut, as alieadv indieated, these anioiintH vnr\ someuhat; with the 
pirlKul.ir conditions Prohahiv the gl\eerol i.s derived from the 
sugar Till* fusel oiU and the sueeiiiie acid, however, havi* •! 
dilh’i'eiit oiigiii In the fermenting wort and also in the veast, 
there ,ire proteid suhstanees which heeoine hvdroivsed to amilio 
acids ; these, in their turn, take up tlu* elements of walei, and are 
di*(ompo.sed with the elimination of ammonia ami larhoii dioMile 
and the produi tion of higher alcohols (Khrlu'h) 

llCHfXJIjlCOOlI MJ,0 rJlCHjOH 1 NHj } (0, 

XiiiiiKi )u*iil llil'lirr iili'oliol 

'riiese higher alcohols eonstituto the " fusel oil ” {qv , Chap X) 

The snnrinic acid is formed in a somewhat oimilar manner from 
gliitamie aeid, hut oxidation is also involved The ainmoniii, 
eliminated is apparently assiinilatnl by the \east. 

Onne-sugar solutions arc not direetly feniienlahle by yenst The 
sugar is first hydrolysed to “invert " sugar, a mixtun* of dextrose 
and hcviilose. by the enzvinw inverlnw contained in brewers’ 
yeast . - 

c„u„()„ -I- H,0 -- c,ii„o, + c,ir„(), 

Cunr HUgar. Jk'xtrOHC q- Lievulow* 


invert -sugar. 
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Hotli tliu (li'xtriMr and the hcviiloHO arc thru, like the dextrose 
iibtairied from maltoMe, eoiiv(‘rt(‘(l into nieohol and earboii dioxide 
by the iiLstriiiiieiitality of the zyinuHe Tin* prodiKtioii of invert- 
Nii^'ar, however, is inon' rapid than its fermentation, so that the 
inviTt-su^'ar aeeumulaU'S in the solution until the eune-su}{ar is 
all inverin] 

When a soluble |ilios|)hate is addisl to a mixture containing 
yt'ast juice and umh'rgoing ah'oholic fermentation, the rate of 
fermentation is much iiiereased, though the increase is not ^MTina- 
nent TIktc is e\idenee^to show' that h(‘M)S(‘phos|ihat('K, 

lire formerl iliiiing th(‘ fermentation of sugais, and they pla> an 
important. '|iart as inteniHsliate eoin|)oiiiids in tlii' jirodiietion of 
alcohol ' 

This iiieieased late of feimentation on addition ot ]ihosphales 
does not, houe\er, oeiur with fermentation b\ li\ing xeast cells, 
os distinct from fermentation by veast-juiie The dilTereme is 
perhaps due to the fact that with living \ensl the ])i'oeesH takes 
pliK'O within the cell, which already contain^ a siitlieient siippK of 
phosphate Moreover, the eeil-meinbiane inii> not be snniiieiitly 
liernu'iible to phosphate to allow' of an additional r|iiantit\ being 
utilised 

It seems probable that when the sugar iIiIIiisch into the cell a 
eonipouml of sugar and eir/.\me is loiined, which reacts with the 
pho.sphate pieseiit t(» form a hexosephosphate .iiid, siiniiltaneoiislv, 
alcohol and carbon dioxide Harden suggests th.it two niolecules 
of sugar take part in tin* leai'tioii, according to tin* following 
etpiation 

‘^lV»i/>.i Kil’O.HU, f aif.O |-(’«Hi«*>l(l’<^l^■J. 

The hexosephosphale is then deeoni|N).snl, and the liberated phos- 
phate again ('liters into the ivaction with inon' sugar. 

'I'lie hexose present in the phos|)hnte appears to be liCMilosi'. 
Free liexosedi phosphoric acid itself is d(‘xtrorol.itoi \ , 

(lali.,.‘--^ fJlaa) 

but will'll the acid is hydrolysed the rotation changes, and 
heviilo.s() is produci'd Aeeonling to (' Neuberg and his I'ollabo- 
rators,* neither the fnH* aeid nor its soluble or insoluble salts with 
alkalis or alkaline earths ean be fermi*nt(Hl ^y living yeast, even if 
eo-fermoiit is added, or artilieial activators. 

Aiiothor vii'w of the process of feniientatioii has bt'eii much 

^ A. Ilank'ii, “ .Vlciiliulic FiTiiM'iitaliiiii,*’ Chiip 111. 

J Hwhem. /mUkH., 1017, 83. 244. 
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diMMiH.sc<l AcTonlinj? tr» this, tin* su^ar itsrif is cniiviTlrd into 
Homo iidoriiK'fiialo ('oiii]Hniiid uitli Ihriv railxai alums, hofnro hoiiif; 
linallv transroniKxl into alcohol and larhon dioxiilo Ijictir arid, 
im‘th\l ^l^o\al. iMilNinri.s of foimahlrliMlr, clu‘(‘ialilrh>di‘. and 
dihulroxxacrlonr an* mmih* of tin* rom|M)iiiids wliirh lia\r hrrii 
sn^^rstrd hill then* is littir ]Hisili\r l•\llirnll‘ in favour of tin* 
artiiiil orriirmu •• of thrsr rompoiinds us st.i;;rs of ah oliolir fi'iiiirnlu- 
tion On the contrarv. tlirn* is uood rxnlrnrr ni'aiiist the* proha- 
hility of Homo, at least, of IIiom* rom]M»untis hisn^ tho iiorossarv 
pn'rnrsors of alcohol ni the tr.ins|M>siti/)ii of snu.ir Thus larlir 
lU'id. (VI,,Oj. mi"hl (onroi\.ihl\ hr split up into .ilrohol .iiid raihoii 
rlioxidr. as shown in tlir Sinipli* n|Uiitloil 

(VI«Oi (‘JlfcO ! ('(». 

As an oxpoiimriital fart, howrxri, lactic arid is found not to hr 
p/.!^CV‘ruLWrt living \cMst Hc'tiio the* lactic atjii Ji\ |iotlii sih is 
althouKh thcTi* is cMilrncr (sm* hriow) that a small 
ais ac‘td IS, in fart, pioclinrd dining fc'innsitation 
^nu'wliat hottc*' roasoii to think that oih\dio\\ar(‘toni‘ 
.ii\ an intrriiirdi.ito product in alcoholic fi imriitation , 
•rith oiir picsont knowlrdp* no tinal conclusion can he drawn 
A to till' pns'iso choniical chaiif^os which occur 
hViiihach, howcMT, has .shown that pMinic* acid is tormod in 
rc‘lati\cl\ lai;;i* |iropoitioii diiiin;!: alcoholic fcTinciitatioii, and it 
IS prodiKcd at the c\|M'nsc‘ of the* siipir Hy Icimcnlin;; ^'liicosc* 
III the prcsi'iicc ot c ah aim caihoii.itc*. the pv nivic acid was nciitialiKcd 
as it was tormccl , and tho cahiiiin salts sopaiatcxl, which in soiiio 
oxpcnmiaits aiiiountrd to ono-foiirth tho weight of siit^ar foimonlod, 
weir luaiiiK com[:oscd of calcium p\iii\atc ' iSomc calcium lactato 
was also prcKliii'cd, the* lactic and hoing prrsiimahly formcci h\ tlm 
rodiiction of pyruvic acid The latter is readily Icrmontahlc* hy 
veast, the products hoiii^ caihon dioxide and aiotaldchvdo ; and 
Kernhach Hii^f^ests thal the aldiindo is luiiher converted into 
alcohol b} tho reducing action of tho ,\oasl Also a possible soiiice 
of tho Huceiiiic. acid jircKhici'd in fotmentatioiis is suggested hy the 
fact that jiyruvic’ iicid readily condenses to a lartoiie, winch with 
elimination of ('0, is transformed into methyl Niiecinic acad. 

iSorne further evidence* in HUp|Nirt cd the aeotnldehyde-jiynivic 
acid theory of fermondition has recently hern obtained hy Neiibc-rg 
and Rcinfiirth * According to the lhec»r\ a.s Hot forth hy thoHo 
Biithurs, when 1 molecule of HUgar in ch'oomisiHod a ]iart> of the* 
molecule fonnH 1 nioleeuk: of ohJehyde, the* citlier jiuit acting as 


> J. hut. Brewing, 1010, 22, 354. 


* Btochem. Zcit/iLh., lOlM, 89, 300. 
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“ acoeptor ” for liydrogm By fonnonting sii£;ar in tlio prospnec 
of (liHorliutii siilphitf Ui “ fk ” llio ahlohydo formed, it lias boon 
found poM.sdj]o to i.Holatn aldehyde to the extent of about tlireo- 
fourlli.s of tlio amount required by tlm theory. 

K l<\ AriiLstronf; has .suggested that tho enolic form of the 
hoxo.se-Mug.irs is tho .sulxslanee actually entering into fermentation.^ 
'rhi.s view i.s basts] upon the facts (i) that, aeoording to this invt‘sti- 
gator, all ^'casts nliieh fmnient dextrost' also ferment hevulosc and 
in.'inno.se , and (ii) that these three.sugars havea tsimmon enolic fr>rin 
Rate of fermentation. --Slator^ has sliown that the rate of 
fennenliition of dexlnise by yeast is proportional to the eomsmtra- 
lion of tho ymxt* over a wide range of (‘oiu'entralion The rate i.s 
almost iiidi'peiident of the eoneentration of the Kurjur, ixu'pl. in 
vi-ry dilute solutions Tho dilTusioii of .sugar into the xeast-iell 
IS siinii'iently rapid to supply moie sugar than eiiii be fei merited 
by the cell, even in dilute .solutions^ L.evulosu is fernuMited at 
tho same rate a.s dextrose by clilTorenI >eiLsts, and malto.se at 
almost tho same rate, by tluxse 3’easts whieh ismtam maltasi* .Malt 
w'ort, during tho first part of tho fermentation, is also ferrninted 
at the .same rate as dextrose , tho leiniKTature and tho (oneonliu- 
tiori of tho yeast an* the eliief factors which deleimme the rate 
Temperature, in fact, has a eomsiderable inlliienee upon the aeti\il\ 
of yeast At .V)'', for instaiK'o, tho ((uantitv of sugar feiiiKmled 
per Hint of time in an experiiiieni was neiirl.\ double the* ipianlitj 
at 2 . 5 '’, and this again was about six times as mu(‘li as at 10 ' 

Autofermentation. — It may be meiitiomMl that }ea.st Itself 
umlergoes fermentation Neaily nil samples of \east eoiilain 
glycogen, tho amount xur^Miig a<*eordiiig to tho age of the \east 
(ll)eogeii is the ri\ser\e earl)oh}di'ate of tho yeast roll, and it is 
readily fermented within tlio «*ll, this “ autofermentatiori ” pio- 
diiemg nleohol and earbon dioxide ns 111 the fermentation of the 
onlinnry sugars It has lurn suggested, indeed, that the foima- 
tion of glycerol nl.so is due to a .similar aiitolytie di'stniclioii of the 
Neast itself, and not to tho doeom|HXHilioii of sugar by yeust iSueh 
an autolysis, it is eoiisideix'd, might occur through the aetion of an 
enzymo on tho ]irotoin matenal of the j east-cells* This view' is 
siqiportod by tho statement that when egg-alhiimin is added to 
sugar solutions whieh arc undergoing fermentation h} >cast, the 
profxirtion of glyeeixil pnidueisl is greatly inen^ased No furth(*r 
evidence, however, appears to liavo been adduced in favour of this 

1 Proc. Roy. Soc, 11)04, 73. rilK-26 * rnini.Chem Noe, 1000, 89, 11*8. 

' Slator niul Sand, i&id., lUlO, 97, 1)22- 927. 

* J. U. CArrocido, Rtvuta Acad Nci., Miulrid, 1004, 1, 217. 
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suggcbtion, and tlio sugar i>« geiiorall} rogardnl as tlic most jirubnUle 
souri'u of llu- gljkciTul 

Yield of alcohol. To ohtani a I'oiiviTsion of 

tho starch into sugar iiiid nlcoliol is iinpriictioibh' 1 'atii under 
tho host conditions tlic yield of alcohol is, fioiii \arioiiH onuses, 
appHTinbly louer tlian the qiiiintity tlieoreticdly ohtainahlo if 
the starch could hu all (‘on\eit(‘d into alcohol and cailiun dioxide 
only This thi'uretical quantity would he 

Fn)in the (\,lli 2 ll„ sugars (dextrose, etc ) Til 1 per cent 

,, 1 . (iiialtow. mutum . etc ) Ti.*! S 

From at arch {(\ 1 1 j„( ^ 51) 8 . , 

About six-sevenths of the theoretunl Meld is obtained Taking 
starch as tho starting-point, it is estiiiiatcd that from 12 to jut 
cent is gcncially lost in one wa\ or other h\ the time the fcimeiita 
lion IS linidieil From (i to Jo (iir cent of the staich ami dextrin 
remains unternicnlcd Dining the fenncntation, 2 to .‘1 per cent 
of glxerol IS foimed , .i pint of tin sugar is used up in pixiMding 
niiliiiiieni for the \cast , and :i little alcohol is lost 1 \ cMijioriition 
Anv side fcrmeiilations that oeuir through lln* ngeiny of bacteria 
or other iion-}east orgunisiiis will still fuither diminish the }ield ol 
alcohol Jn a badl\-condu< ted operation the alcohol produced 
may rejuesent not, nioi<‘ than about 72 jm-i ((‘iil of the oiiginid 
tail'll A good Meld is 0 gallons of iilisoliite aelohol piT J(N) lb 
• i starch, as I'ompaied with a theoietical Meld of 7 Hi gallons if 
the .stall'll could he all tian.sfoiined into ahohol and eaihoii dioxide 
alone This (i gallons lepresents 8 )m'| lent of the throielieal 
Meld, .showing Ihcrefoie a loss of Mi 2 [lei cent A Mehl of 
()', gallons, I oire.s ponding with a loss of II ja'i cent , would he 
a high yield, obtain.ible under the lu'st i imditioiis , gallons 
Mould rejireaeiit u medium result, and of would juiiiit to the condi- 
tion.s being nnsatisfaclory Hoinettheii- 
Jn British practice, the u\erngi‘ xiehl of alcohol obtained in 
ordinary good working with luln-dried malt and gram riiuy be ]iut 
at about (lo^ gallons of ubsulute alcohol or No gallons of prool 
spirit per ton of materials 

Attenuation " yield. — For revenue, purjioaefi, ill 
this country a presumptive yield of ulcoliul is culeulatcd from 
tho quantity of wort, lind its sju'citic gravity before and after 
fermentation. If, for cxainjile, 7UU0 gallons of wort at hp. gr 1045° 
(water = 1000) are fermented down until tho sj) gr is 098°, the 
amount of “attenuation,” or “degrees of gravity lost,” is 
1045 — 008 =47°. It IS presumed that for cveiy 5 degrees of 
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p;ravit^ [omI thon* i.s prcNlum] alcohol equivalent to 1 per cent, 
of proof Hpirit , t)i<‘ quantity of jmn.f Hpini tliuii ealoulated in the 
att(‘niJution charKt* TI iiih in the example taken, the charge is 
7illK) / 47 

KMt V “» ~ proof frallons 

In pnietice, the yield of ah^ohol obtained is about 1.3 to 1.3 jier 
eetil mon‘ than this The ealeiiliition. hou(‘\<‘r, selves ns a 
roiif'h elieek upon the(|uantity of uleohol acdiially obtained, and in 
speeial ein-iinislanees the charge of duty may be basi'd ujam it 
Till' table ^iven below, ealeiilated from data Kiveii by Idininnn,* 
shows the avep.ifre \ ield said to be obtained in t'oiitini'iital pnietiee : 


8 

All nhni piniiili I'll 

, Mill ei ml 

(iiillniH |ter Inii 

Itiirli > 

7i 

KiieUuheat 

71 

him (•4«ii^hiiiii I'liiiii) 

S.'i 

Miii/e 

7!l 

Miliiiiie 

ss 

MoliHses, Ih’i I 

hi 

„ eiiiie 

7li 

tllllH 

lin 

JNil Mines 

2h 

„ , lined 

m:i 

Itiee 

h.> 

H>e 

7.7 

Sii^iir U'ets 

11 In LM 

„ eiiiie 

IK to 2,7 

„ , IIIW 

l.ill 

Wlieiit 

7K 


The following table, shouin^ the ,\ield wliieh may be obtaini'd 
praetieally from vaiioiis material.s, is due to T II I*. ll(‘riot ' - 


i*ii\(nii \i. Mi’i.i) ini’ Meoiioi. I itoM nii-ii'i ai NT uwv mxtihim.s 


7Iiileriiil. 

AHsiiiiied eniilent of 
Htiireh oi Hii^riir 

(i.dliiiis of 
llhsiililli' 
uleohol 
pnidiiissl 

Heieeiitii^e 

of 

Iheon'lieiil 

}ield 



{H-I loll. 

t'liui* liinlasNeH 

.77 7"„ tot III Mi^'iiis (im ilev- 

lill 

83 


tnm*) 



lliM*l iiinlilMseH 

.70”,, Hiienwe 

113 

83 

I'nliiltNH 

20”„ hliiieli 

30* 

77* 

Heel riNits 

1.7 -1 Mieiiisi' 

20 

87 

Miii/e . . . 

(i0”„ htiiivh niid Hu^iirt 

84 

87 


ujlli H”„ of limit. i 

Hus' ... 

7.7% Htandi 

HO to no 

-- 

Wond «liwdlis( . . 

N||NI IHiIiII HII|I 

. 14 -1(5% siieniw', , 

‘JM to 4.7 
hy 

\(iliiine 
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* tiuih III till' iirii{iii»l. 1ml one or other of the iiuiiiInts im iiieoim't. 

* Knzijkinp drr Trchn. C'Armir. J, 7."i2. 

^ J. Nue. Vhrm Iml., 1U15. 31 338 
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H Oat* givi'H thp follow mg athoiim Rhowingtho oix'rations in n 
diatilJcry iiuing 

(KNI kil«w, 2(1 |KT vvut Harli‘\ (2 kihiN ) iiuiltpcl 
atanh) Stpanipil in uoii\prt(‘r ainl | 

(JriM*n mall ( ‘ liong ” malt) 
If kiloH 
I 

i . 

(ImMi mall (1 Ti kilos ) imthlinl 
at (;r> 

(Vi-asl mash cir " Imlt ) 

4 

Si aired al oil'* 

I 
♦ 

(’noleil to 2(1 , anil pilihril 
with motluT ;n‘nst 

PUclicil w'llli jeast (»i(‘M‘ii-nglillis) - 

I 1 

Oiif-piglitli of till* yooal rc- 
I SCI M'll for next hutch 

i 

i i 

rcrmmtcil wash Carhon iIiomHc, ahoiil !) kilos 
j I (i cm 

Distillation 

1 

Spirit (12 r» litres, 1(H) per wnl ) iS|M*nt wash (loO litn-s) , t) kilos 

dry Hiihstance 

The '*Amylo "-process of fermentation.— Ti haa 

talrca4ly been mentioned under “ Yeast ” (p .VI) that certain of 
the moulds sccn-tc aiiivlnsi* (diahtaM*) and also fcriiieiitation 
enzymes. This pniperty has his-n utilised in n jiroeess of "Oinhiiied 
Racchiirilieatioii and fermentation, whereby the use of malt is 
dispensed with in obtaining alcohol from slarehy iniitcrialH 71ie 
methoil in ({uestioii is emjihiMsl on a largi‘ scale in Bcigiiiin, France, 
Hungary, Italy, and Stmin 

The mould originally employed was the miieor AmyhrtnycPH 
Rmxii, fnnn which the “ aiiiylo " proeeHs look its name This 
organism, however, was later on supplanted by other moiilds, 

^ LcArb. (Jhrm. Techrudogie, 1914, p. 628. 


blown out. 


Potato mash, with giccn malt 
(1 kilos ) siiecluriticd al tiO 


Main wort 

i 
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Mucor-ft, Muetjr-y, and Rhiz/>puH Dvlimm, which were found to 
jiroduco less add than A. Htniru 

[ii addition to ohviuliiig the use of malt, anotluT feature of the 
proceHH ia tlio adoption of pun^-eulturu piincijiIoN for tlic opera- 
tioriH 'I'hr mash jh uterilised, and the conversion and fermenta- 
tion are eairicd out in closed vesaelH As regards this, however, it 
may be noted that a 8{M*eial eulture mould [Mucur f'ouhitd No. 5) 
lias recently been intriNliued, which is stated to act so vigorously 
that there js no longer any necessity for the adherence to aseptic 
conditions ' baeteiial dev(‘lopment i.s siipprcKsed when this oigaiii.sm 
I.S used 

(Wilmette iHokited A Rouxn in 1K1I2 from ('hinf‘be i ice ferment, 
and he, wdh M lioidin, workisl out tlie industnul process, which 
was first ti'Ksl at a di.stillcry iiisir Ijilh* in ISbS 

Although the niould.s employed can not only conveit gelatinised 
starch into dextro.se, but can ferment this sugar into alcohol, the 
fennentnlion stage i.s a .slow' one Ifcncc, in practice, yea.st is 
added in onler to hiusteii and eomplete the Icimcntation The 
yeast generally employed la Hitccharomym rnuumnm^i ‘ Anniiniite ” 
youst), which acts be.st at the .same tciiipeiatuie ns that at which 
the mouhls develop, natiiel), 

The (‘hief materials iisisl for mnshing aie mai/.c. iice, pidatocs, 
munio<‘, dan, and millet. A manh of sp gr about I (itiO is fui pared 
by steaming the material iiiuler pressuie, m esseiitialK the .s.inie 
manner as already described iiiuler " .Mnslnng " 

The fermenting ve.ssel is a vertical iron eylinder witli dome- 
shaped ends, elo.sed, aiul of eii|)aeity alamt 22,OUO gnllons, or more. 
An outlet IS provided at tho huttom fur the fermented niiish This 
outlet .sei\e.s also for passing in a eiirriMit of aseptic air during the 
early stagi's of the feimeiitatjon. Near tlie top is an inlet for the 
steamed mash, a \eiil for e.sea|ie of air and (.arbun dioxidi*, and 
tubules which allow of the iritroiliietion of the mould eulture and 
tho }east, us also of the withdrawal of .samples to oliserve the 
progres.s of the operations. 

'L'ho hot mash having bc'oii passed from the Bteamer or " cooker " 
into the fermenting ^ebsel, a current of air, filtered through sterilised 
cotton w'oul to tree it fnmi niicro-organisins, is injected into tho 
mash whilst tho latter cools, since the mould ri'qiiires a certain 
amount of oxygen for its projicr development Tho cooling is 
done by running water down the outside of the vessel from a 
perforated tube passing round the top : it requires ten or twelve 
hours with a vessel of tho size mentioned. When the temperaturo 
is down to 40°, tlie mash ia inoculated with the mould, of which a 
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cnltnro has been prepared by gro^^’ing the orgHiiisni on Rtcrilisod 
riec until n rnpioiiR pnHluctinn of sikuvm i** obtaini'd Tlio sporoM 
aro distributed in steriiiMHl uutoi anil the inixtiirr added (ti tlie 
ina-sli, lit ions against baetorial iiifirtion being taken during 
tho addition 

Tho current of oir k(H*|is the niaali in motion, and tlie spores are 
soon distributed lbronghf>ut the stanliv mateiial 'I'liey de\e]op 
very rapidly, and in the (‘ouist' of tuentv to twenty four hours the 
mnah ia }H>rineated by the growing in\eelinni No sneehafifirtition 
gfK'M on during this fimt stage, wliilst the mould is developing 
After about twentv-ono hours, howexer, the (onviasioii of Htaieb 
into sugar begins ; and at. the end of another laglg hours or so, 
when (lie saeehanlieation Is well under wav. the reqnisi((‘«quanlity 
of xeasl IS ud<l(‘<l 

About Iweiitx-four hours are requiied for the xeasl to develo]i 
hiiJlieiently to set up a vigorous fei mentation The (uiTeiil of air 
is lln‘ii stoppisl, and (he o|KTa(ion proieeds until the rerineiitation 
is eoniplete and tin* wash reaily tor dislillntioii In this later stage, 
the two proeesises of sacehardh atioii and fiTinentation go on siilo 
by side, tht‘ mould tiiiishing the transfornuitjon of the starch into 
sugar, ami the xeast eonx'erting tho sugar into ahohol. Ahoiii 
four daxs arc nstuinKl for the Haeehniifxnig and ffTini'iiting opera- 
tion, but this time can be shortined by employ mg a bub " of tin* 
Mionlil ‘ 

\dx ant ages claiined for the aiiixlo pioeess are u hotter i^ield of 
aleolml, a purer product, and economy of malt, as cimipaied xxith 
the oidinaiy incthiMl Smeo tho conditions of xxoiking exclude 
bacleriul eontaminution, there arc no bueterial side-fi'riiieiitatioiis, 
and (ho spirit coiitaiiiN fexver iiupurities less foreshots and tailings, 
and less bmni r:< Aa ti'gaiua the inait, a single grain of the mould 
sutiiccB to convert 25 tons of maize ('oni]>nred with operntiuris 
where 10 or 12 per cent of malt ia used, when this 1 gram of mould 
is employed there is a saving of about 5 tons of mall , and. in addition, 
of another ton of starch which is used up and lost in making that 
quantity of malt 

Some published figuitvs show a yield in tho ainylo-procpss of 
40 5 litres of alcohol jmt 100 kilew of maize, and 42 3 litres ])cr 
100 kilos of rice, equivalent, respectively, to 7 02 and 8 27 gallons 
of proof spirit per cwt.* 

There is a legal obstacle to the use of tho amylo-process in this 
country It is a statutory requirement that tho specific gravity 
of dUtillerB* wort before fermentation shall he ascertained by means 

* 0. Uruve, J. Inni. Brew%ng, 1014, SO, 348. ^ (irovu, luc. cil., p. 251) 
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of tho saccharomctor, and thui, uh will be fj^athorcd from the descrip- 
tion given, is iniprac'tieable in the ntnylo-profosH That such an 
obstacle exists is niifortiiiiate Jt prevents advantage licing taken 
of any henetits whi(‘h Um* proeess inn}' offer, or of any developments 
to which it may give rise In short, it imjiedes ])rogress 
Use of bacterial exiZ3rxnes.- Another inten>sting applica- 
tion of iiiicro-orgaiiisins to tlie jiiirtiohes of the distilling industry 
lins been worked out by lioidin and KiTront. 

In the saeehari Heat ion of stiireh by means of malt, the malt in 
an expensive ingredient, and miieh of it is used up in liipief^ing 
the slareli in hoth the malt eoriversion and tlic* amylo-proeess 
there is a eonsiderahle loss of the nitrogenous eoiislitiieiits of the 
grain, omt and ahoxc \ihat is iieeessaT\ for nutrition id tlie xeast, 
b} reason of the eoiuersioii of proti'iiis into soluble niliDgeiioiis 
eompoiiiidH uhieh pass away in the nsidiial li(|ind after the aleidiol 
has been distilled <dT 

Hoidin nrul KiTront seek to avoid or miriiinisi' this Ions, to economise 

mall, and also to obviate the need for " eookmg " or .steaming tlie 

grain under pressuie in the preliminary singes of mashing This 

they do hy thi> iis(‘ of haeieiial en/viiirs e.ipahli' of Jiijiief^ing 

stan'h hut having little or no aetion on the ]>ioleiiis ^ Tlie organism 

employed is a eertuin H|K‘eie8 of lincilluA wvneuU ; “ a(‘elimali.sed ” 

I)} eiillivaiion under the s|N‘eial eonditions to pimluee a niaMinnin 

amount of enzyme The haeiihis is gn>wn in an alkaline medium, 

strongly aerated ; (he eiiltiiie lifpiid thus ohlaiiied lias an aelivity 

Hiieli that. It. will liquefy IlKH) times its weight of giain. and hy 

iHiiieeiitration m mrnn prodiiets six times as stiong ean lie |iiepai'ed 

In using these en/.Mnes, the gram is lir.sL soaked in an alkaline 

solution llwn jsKirselv gi'oiind. mi.xed with two volumes oi water, 

’ 

and heat.sl to 75 80“. The son;u..n o. uie IV.VV’W 's added at 
this tempeiatun*, and allowed to net for a peiiod ot tliiity to sixty 
minutes, hy llie end of which time the starch is all liqiielied. Jhen 
tho mash IS heated lor some lime at IU» 120“. and siihseiiuciitly 
eoolfsl to (iO ill oiH'ii vats Malt w now addeil, in the proportion 
of 1 to 2 pv'r cent, of the groin, niul the saeehanfying aetion allowed 
to proceed for an hour Hy reason of the previous liqiwfaelion, this 
Hiiiall amount of malt sulliees for complete saeehnnlkation, and it 
also supplies siillieieiil yt*aHl nutriment. 

After cooling, the wort w “ pilelusl " with yeast acclimatised U) 
hydrotliiorio ai id, and the fermentation completed os usual. 

In this way a larger amount of nitrogenous substaneo reinauw 

' KITiniil, ’■ UiiK'lwniipnl rntMlj’bls iii Lilo and ImUistiy," p I»15. (Wiley, 
nil 7.) 
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ondiflBoIvod in the “ " or n^siiduo from tho inanh, and is 

availabli* a:, a fiHMlNtiilf for (attlr, iu'ttnul of iii'iiif; rriidi'rod boliihio 
and nin to waste in tlie sficnt lec‘s, as in the ordinary )inK'esH. 


IV - DISTILLATION AND RKtTlFKWTTON 

Tln‘ foniu'iittMl wash oontnins as chief volalih* constituents 
alcohol, wuUt, and fusel od, witli small 4|niintities ftf acelTc acid, 
aldehyde, and estt'rs Its niai-voiatih' in^redu'nts inehide solid 
imrticles of hnsks, >(‘as|, pmleins, f;h<‘(iot, siiirinie. lactic, and 
olh«T f.itly at'ids , and mineial Kidts To M‘])aiat(t tlie alcohol 
from this muinn* lecoiirsi* i.s hail to the process (>[ dislilVitiiai 
Pot stills. At Iho .smaller distilleries wlieie malt whiskies 



I'll 'J s|\|l>1| IMilslIII. I nil III Ml M. Wl I II I oMil SSI II 
IIJ iViiliiiK \i>'ti I (i) 'itill III .III, I ll eiiiili iiM r u»ini III I iiiiiii|i\ ( n I hi , lirrliM 

are prodined, and where it is the oljjis't of the ilistiller to retain 
in the pHsluet s<inie of tlie t-stcis, higher aUoliols, and other liodies 
which K'vc the sjiirit its diarat Iciistie Ihuiair, the apparaltis 
employed is the n'lati\eU simple " |Hit * .still This may loiisist 
merely of a boiling vessel, with a retort head and a worm eondcnsiT 
Or the h(*ad may be attached to one or more fractionating veshols 
similar to Woulfe's bottles, through which the •dcoholie vapours 
pass befon‘ reaching thr' coridenHcr Or, again, the Rinifile retort 
bead may be n'plaeed by a rectifying Htill-hcail, eoiisjriting of a 
Bcries of water- jacketed /i^ssels arranged one abo\c the other, the 
▼aiiour rising thnmgh each of these sn<‘cew»ively. 

Usually the pot still is hcatesl by the direct flame of a furnace*, 
tiiough steam is now frcipicnlly userl ns the heating agent Tlie 
•team is applied either as g “ jacket ” outside the still, or by means 

(m 2 
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f of ooilfl inside the vessel When a furnace is employed, a stirring 
apparatus is often fitted into the still to remove the sediment of 
vegetable matter which Is prone to settle on the bottom, and which, 
if not rliaplaefMl. is dci'oniposed by the heat and communicates an 
ompyroumalic flavour to the spirit. 

With a pot still, the spirit produced by the first distillation is 
always very impure, and has a disagreeable odour and ta.ste It is 
cuIIimI y low wines,*’ On n^distillation of the low' wines, the first 
jiurtioii of the distiliato (“ foreshots ”) is contaminated with oily 
matters, ineliidiiig apparently esters of fatly acids d(‘])osit('d in the 



Kid J:) STi:\M-1ll.\TICI> l'ilT-.STIIj1., WITH KrCI'IIMNU lll.lll (('iiiI\’b}. 

lU} l(crtiryliig-lifttlH(iIiulain Fuiiiiiln I'u., Mil,, 1 )itI)3J 

condeii.ser towards the end of the previous distillation and now re- 
dis.solved by the strong spirit As the distillation pnieeeds the 
])roj)ortioii of oily matters diniinishes until the distillate no longer 
l)ec:oint>s turbid on dilation with w’utcr, wiicn the sjiirit is con- 
sidered siiflieieiitly pure to be collected os potable alcohol. Towards 
the clo.se of the process the spirit again becomes oily (‘^ tailings ”), 
The impure portions of the distillate obtained in this second distilla- 
tion are termed *' feints ” ; they are redistilled with the succeeding 
low wines ” to recover the alcohol from them. It is usual to 
have separate stills for the two distillations, one for the “ wash ” 
only (" wash still ’') and a smaller one for the low wines (“ low wines 
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atill ”) : thoiif^h occasionally ono still acrviHi for both opcrutions 
The low wiiMw still is gcncmlly of about ono-half tho capacity of 
the wiush still ; the latter is of any size up to lO.tMK) gallons, or 
oven more, occasionally 20,000 Not infrequently, n second l(»w' 
wines still C ”) obtain the final product from 

the low wines, or for the re -distillation of the strong feints 

The residue from the distillation of the wash is terniod '‘pot 
alo ” : that from the. low wines is called “ siHMit li'cs ” li^ith aro 
run t4i wiiHte. us a rule, though the jwi ale is sometimes uvuiiorated 
and till' product ilsimI as a fertiliser. 

In the following table* are shown the approximate boiling points 
of wash or feints containing various proportions of* alcohol, and 
tilso fli(‘ pen ontage of alcohol in the distillate, as obtained fnmi a 


simple .still — 

W'lisli nr fi'llltrt 

DibUlliili' 

Wimli ni 

flMlUh 

DiHlllliitr, 

Ti miv'rti- 

.Vl( nliul. 

AI(*iiho|, 

'rnilipiTil- 

.All nliiil. 

All nlinl. 

lun* 

IKT cent . 

lH>r wilt 

tun* 


])i r (rill 

US' 

no 

m 

94’ 

7 

no 

hJ.X 

4(1 

H2 

9.J 

n 

4.2 

hO 

30 

78 

flt) 

:i 

30 

ss 

20 

71 

* ‘17 

;; 

2H 

•SI Ti 

ir> 

till 

99 

1 

13 


10 

r>r> 

KMI 

0 

0 


As nil i‘xninplo of the ciTcct of sueee.ssnc distillations in a siiiqile 
still upon the projiurtion of alcohol in the dihiillute, tin* follr>wiiig 
erics of cx[icriment.s may be quot(‘d * 

\ fermented wa^h containing, by weight, 11 3 jK*r cent of alcohol, 
was distilled until practically free from spirit The distiilato was 
then treated in the same way, the ojH*ralion being repnatisl live 
times : - 


LU|Ull| lllHlllIld 

Alcolinl, 

JUT (•(■III 

by igiK 

\V.c*h 

1 1 :t 

ls( (liHtilliilr 

. . :i2 3 

2ii(L „ 

. .'i.'i 0 

3nl „ 

70 3 

4th 

7H 

nth 

h;i 0 


Simpln pot stills an* also used to some consiilciuble extent for 
the distillation of wine in the making of brandy (Jften, however, 
a rectifying still of more effective tyfic is employed, which at the 
same time is not effccti^’C enough to give a '* neutral " spirit by 
removing all the characteristic ^ters, higher alcohols, and alde- 
hydes The use of a high atill-hcad, or the insertion of a perforated 

* Groning (adapted from). Moercker-Delbruck, " Handbuch dcr Spiritua* 
fabrikation,'* 1908, p. 771. 

* Uaercker-Delb^k, foe. ak 
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plntu in thf* U|>|)f‘r part of thi* slill, Irnda to iiuireaac the rectifyinf 
ofTcet iinrl to ^ivi‘ a purer di^slillale With the siitipler forma o1 



Kkj, 21 - riirrh>'s i'vtknt contini iMih-woiiKiNi; stk\m-s’ijll 
(lihlr, (.iiiiiiMI AiiilMrliTVi, l.t«l Evlerliir 

still, twi) (liHtillatioiiH art* iieccAsury, as drscrilied above for onlinaiy 
aleuhol, hut *' eontinnous ” stills aro also in use, giving potable 
spirit from wine by a single distillation. 
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Patent stills. - Ry far tho gri'ator i1 y of ordinary .'ilcoliol, 

liouvvtT, 18 dihlillfil 111 lii^hK-HTirtisf .ip|).irii(iis \ihicli |iro(Iiiri‘8 
A ni‘arl\ [iiin- “silnit'* or “ iinilral " spiiit of from 1)4 to IKi |ipr 
iH'iit strcii^tli 111 (HIP coiiliiKiouK o)M‘t.i1ii)ii 'J'ho “ColTpy” or 
“ pati'iit " still, which m hirifi'h used in this ('<tiiiitr>, may he taken 
aH c\.iiii|ili' , Ihoii^li other stills ihciI ahio,kd and ililTenn^ in detail 
claim to he of al huist equ.d elli<iic\, c.s|icciall\ for duiliiit^ with 
thick washes . 

Ill this still the alcohol is e\iH‘IIed li\ Mow ini' stc.ini Ihrout'h the 
wash, whidi is spread in laxcis o\i‘i a (oiisidt'i.dde surface Tho 
wash (liters al tin* top of tin* still, and passes downwards over a 
sene.s ot pi'iloiatid diaphraLOiis of (o|iper plat(‘, trickling o\cr 
small oi lines which serve as so niaiiv traps wheie tlie'lapnd la 
met h\ (he ii|irism^ stiaiii The lattiT, hnhhlm^' tlinaiKli (lu* 
pcrioralioiis, liciits th(‘ wash, ami eairies off the •iKohol va|»oiir, 
so that hv the torn* (lie wash icadies tin* lowed pla1(‘ it has his'ii 
dejirived of all its aleohol and passes out with its dissolved and 
sus|i('ndci] solids, whilst the ah'ohol. stisim, and volatile impurities 
pass to the top of (he appaiatiis 'Die lusher (Ik sc vapouis p>t, 
the richer they hecoim* in al('olK»l , tluir hoilintr point Ix'ComeH 
lowei , and mon* and iuon‘ of (Ik* steam is condensed The |>iirl 
of tile still 111 wliK'li this o|N‘ratioii tak(**< place is ti‘rm(sl the 
“ aimivser " 

The esi.iiani; vapours are now hsi into tin* httUom of a siinilar 
lohlimi of peitoiali'd plati's teiiued the ' Kclilier'' I'Voiii top 
to hottom of this eoliimn (lieii* paws a 7i}:-/nff tiihe full of cold 
Inpiid to serve as a eoiidensi*r To (‘eonomisc Ixsit this ii(|uid is, 
m fact, the cold wash on its wav to the aiialvser The alcoholic 
vapours (lassiiik; upwards ihioiiLdi the plates into oiu* tool ehaiiiher 
after another heeonie coolisl, .iiid deposit miae and more of their 
water ns the> near tin top, linally (ondensm^ as strong alcohol on 
'nil iiiiperforateil eop|M*r •^lii'et (the 'S'piiit plate"), and jiassiriK 
out The s(n‘nf!t)i of the spirit thus eoiitmiiously ohtniiieri ih 
about 114 to !Hi ]H‘r e('nt. hy volume, when‘.ui with a hiiiijiIc blill the, 
stniiigest aleohol ohtaiiiahle, even hy ru|Mat(‘d diHtillulionH, is 
only about 1)0 to 1)2 jnt (s*nt., and at (Iiih Htn'iit'th is produced only 
in Hniall qiinntitios from each o|H>ratio]i 

A mixture of wcak^ liiipuTc ahohol and oils (“ hot f(‘intH ") 
collects in Iho hotti'in of the *' ns*titicr " ; Ihis is pnmiKsl into the 

anaUser ” again to n*eov(T the aksihol Ihil towanlH the end of 
a distilling procesH, inHtead of cuiiipletiiig the piinticntion of all 
tho alcohol, it is found inure eisinomical to raise the temperature 
of the apjiaratuB and distil off the whole n-sidue of impure spirit : 




[, anal>a«r . r«‘tifln . a, pprfiiratM ctfpiirr tliaphraciiis w pump I 
top of .4 g, pipe laailing <pirit-\ jpour to bnt N j 
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^ this is foiiili'nhfd and i‘n1lccti‘d as “ feints " in a m'parato rccoivor. • • 

C 



Fig 2fj - in»i hik com mv misTiM m s '■tji i 


.1, lank . II, li(|ii(ir rrinilalur . r iirp|ii*Bt«r , It, IioIIijir liiliiDiii , fAliiinn , 

f , rei tiNuiB r4iluniii rivtillrr , W, r« UfyluK mlnniii fomlrnufr , II, ilIylnK column mwIw , 
K, htfam reciilaliir; L, oilvibollnii lank, Jf,ruii-cplT fcHirr (lilur, laiuiilnll, and UcU'aii, 
Ltd.. Glaastw; 

Here the fusel oil which has accumulated during the jirriccHs separates 
to a lai^e extent from the weak spirit and is skimmed off, the 
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roinaiiiinK “ frintR " mlititillprl with the wash of ilir Huct'cvding^ 
o|icriitinii to roiHivcT the ethyl aleohol from llieiii. '' 

Tlio *■ Coffey " htill woh fiatenteil in 1H.‘)2 VurioiiH other “ eon- 
tinuoiiH " nieoliol Hlilln an: employe*!!, eflpi'eiuJly on the (*ontiiient 
and in Aiiieriea : their etuontial priiieiph: ih Himilar to that uf 
Coffey ’h appariitiis iiiirlx't'M hUHh have* a conHideiiihle reputation 
111 Kriini:o and abroad, ah have aIho tluMi! of MesHra, lOgrut and 
((range « ((iiillaiiine’H syfltein ineludoH a sloping, instead of vertical, 
distilling eoluinn, t<o olivialo risk of oliHtruction uheii thick washes 
aro being diHtilh'd Of the others, it will Hiilliee to nieniion tlio 
rig<‘s ** aidoiiialic ” still, which is said to yield a pure spirit of 
!)li to IMi.'i |M‘r*eent. stiviigth, ami to nrover all the fus«‘l oil and 
low wines* at si lengths of and 1)7 ]K‘r cent n'Speetively 
The ah'ohol of high Ntn'iigth distilled in apiiaratiis of the Collex 
or alla‘d tyiies is a nearly pure prisliiet, and is known as silent," 

" neutral," or ** patent-Mill " spirit Laige quantities aie emploMsI 
without further piiritieation, as, for inManee, in niaking acetic 
acid, explosives, and varnishes; in the production of methylated 
spirit or other forms of industrial alcohol, iii extracting drugs, 
preparing spiritiioiiH niedieiiies, and so on 
Rectification. Wh4*ii, hoHev<‘r. sisxial puiity IS reqiiii-ed, 
or when the alcohol obtained is of cinder character, it is further 
purilied by special reetilieatioii This is iisiiiilly aciomplished by 
diluting the spirit with water to a stiength of about 45 5tt per cent , 
and n'-distilling it VurioiH kimls of stills are used for the (lurjiose 
Some an* " intermittent " stills which fnietionale the distill.ite, the 
impurities being eliminated in the lirsi and last runnings ; others 
are " eoiitmuou't action " n’etifving stills Pun lira tioji by treat- 
iiieii with w(M)d ehan*(Hd is ,ilso emplovixl, the aleohol, suitably 
dilute<l, hemg pas'.ed tlinnigh a battery of eylindrieul tilteis eon- 
taming the ehareoal. The piiMfving eff(S‘t is mainly a eheniieal 
one, due to oxidation Aeeonbiig to eirciiinsl.inees, the filtration 
thioiigh ehureiMl may either precede or follow a leetiliciitioii by 
distillation. 


V.-CONVKKSKLV OF CKMAJl^OSJC^ SUHSTANCKS INTO 
AU^OllOL 

Alcohol from wood.- -In obulning alcohol from sawdust 
or other waste-vvoiHl material, the so-eallc*d “ eelliilusp " of the wood 
is hydrolysed by tn.'atinent with lU'ids under pressure By this 
means it is in part convertod into dextrose and other fermentable 
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buf^ant. Thr lU'ifl \h tlu*!) lU'iitnilisiil. ir iinirlv mi, with Innc or 
alkali, and thi* n'siiltiiiK liquid ih foniimtiHl and distilh^l 
Tlioro ih Mimo (hiiibt as to uliat is tli4> “ r4‘lliil()M> " iu’liiall,\ 
hy«li*(dvsi*4l The (rlluhiH' of c‘4it*4>n chs's ii4»t n‘h|N>iid | 4 » tlu* 

lr4‘at in4‘iit Als4> lhi‘ imi(4'riid K'f. by rawdiist mIiu'Ii lias lani 

omr tn’satiMl still oontaiiis (vlhdosi*, but a n'liidition ol llu* jinxTss 



F|4. ‘J7 - llONfll 4 OLI MN AIT-MI\TIS fiiR MU'IIIU IT'lN HI* AM i HUH 

>4iriiirrly iiiudi Uii'il uljruiwl <1, iMianu: 1 hy , ll, rnlilliT , 

('.niiiilriiniv, It n'lil|HT.il*>r 


yiohls very litth* 111014 * fiTiui'iitubh* suKar. TIu* porlion iihii'li is 
tranhfuniH*fl is Miiiict 11114*4 ilistiiij^iiislufl us llii> 4'asily-atla4'k('d ” 
ccIluloHt* It pnibabl^' consists uf jadyMicchuriflcs of jicntoscH nn<l 
hcxoacs. 

According to Willstjittcr nnil Zccliiiu>istcr.* cellulose can be 
completely C4jnvertefl into dextruwf at fin* 4)n1itiary teiiijM*nitiire 
by treatment with a strong solution of hydrochhtiic acitl (40 to 
* Her., 1013, «, 2101. 
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• 41 per cent nf HCl), uhtcli diuHolves it in a few siTonds, and gives 
(oinplcto h}'(lr(il>bH in twenty -four to forty-eight hours. Their 
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their observation does not Bpom l<i linvi* been utilised „ 
indiiatrially. 

As far hock oh 1810, Hiiuoiiot ^liuuvil that ulien \uhh 1 uaste 
was heated with siilphuiie neiil a prinluct uiu obtained wbieb 
contaiiKKl sugar SiinniiM>n, houeier, some eighty >enrti later, 
appears to have been the first to attempt the nmniifaeture of sugar 
from sawdust on any large seale ' He used diluted sulphuric or 
hydrochloric acid, at u stnmgth of 0 3 to 0 7 ]K*r cent., and lu'uted 
tlie mixture of sawdust and acid under a jin'ssiire of 7 to 8 at mo 
spheres Ekstrom attempted to solve the same jirobh'in by using 
strong siilpbiiric acid ^ 

(3assen, in HKXl, sliowed IIliI nipieous Miljihiiroii* a»'itl eonx cried 
wood celluloses into dextrose uben the mixture x\as heated under 
prossiiie to a temix-niture of 12t)-]Kt“ ’nu*ro is an ndvantagi' 
in using a volatile acid, such a- siilphuious or hydroi hlorie, instead 
of siilphurie, imi'-mudi as a bettei jienel ration of the wood is 
obtained 

After laboialory ex|a.*iiiiu*iits at Aaehen, the nietliod was tiied 
in an experimental plant near (’liieago, and nfteivards an installa- 
tion on a eominereial nalo was ereded at Ifnttiehbiirg, Missouri 
It. <'onsisted of an appaiatiis for pieparmg the sulphur dioxide, 
a lonverter in which the wmwl was treated with the and; an 
extraction battery, neutralisation vats; feiinentation vessels, 
and distillation apparatus Thi- sawdust was tieatcd in the 
eoiivcrler with a '•atiirated nqiieoiH solution of Riilphur dioxide, 
the lenijicrutiire being gradually raiw*d to 143-14‘J® and tlie aetion 
allowed to proceed during from four to six houra. Then the sulphur 
dioxide was blown oil by sleaiii and collected for re-use, the woody 
ii‘sidiie treated with xvater in the extraction -vessidij to renioxe 
the sugar, and the boluiioii Ibiis obtained neutralised, feniienU'd, 
and distilled. One liiindreil kilos of sawdust gave fioin 74 to 
84 litres of alcohol. 

As thus worked, the process fell just short, of hiiceess The 
reasons given for the failure wi-n* : (1) Tjcngth of time rcquin*d 
for the conversion (four to six hours for two tons) ; (2) production 
of gummy matters and caraniclisation due to the prolonged oction ; 
(3) the largo quantity of acid reejuired ; and (4) difficultira due to 
the action of the acid on the lead lining of the conxertcr— a cylinder 
30 ft. long, and 3 ft ^n diameter. 

Tw'O chemical engineers, Messrs Kwen and Tomlinson, improved 
the process by using a much shorter and wider converter (12 ft by 

> W. r. ('oh<H>, J .Nor. Vhetn Ind , 1012, 81, r>13. 

> D. R.-F.. 103112. 
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^ 8 ft.), and lining it with firchricK instead of with lead ^ Sulphur 
dioxidu gan to thu (‘Xt<iit of 1 |ier ei'tit. of tlio weight of w^nkI trt'Utcd 
18 iiilrcKiiicf'fl into tho (‘omertcr, and Hteani pOKaed in until a prewure 
of IfK) 111 is olituinnl .The nteani js thc'ii turned olT and tlie 
eylindrieul (‘oiiv<‘rter Nlonly r(*vohed for forty- forty-livo ininute.s, 
till! tenipf'niiiire and preNKiire lK‘irig kept eoiiatant . the total tiino 
re(|iiirrd for conversion is about an Iiour The teniixTutiiro ia 
raiHi'd as (piickly as fMiHsihle to the critical ” ]>oint, hetween 
l.'lo'' aiur 1(1.']", aljo\(‘ which then' is an exc'c-ssivo dc.slni( linn of 
Hiigars aiui pHsliiction of iinfennentahlc Niiiistances. 

Wlien (lie extraction is eonipleted, the sohition ohtaini'd has n 
tolai aeiditv ofiOtit |kt cent (ealculated ns iigSOf), and contains 
ahniit .'ij ]R'r cent of nHlucirig sugars, witii small nmoiints of ])lu‘n(ils, 
taniiin.s, ami furfural It is neutralised, fernu^rited. and distilled 
as usual, and gives alumt gallons (UK.) of ahohol ]mt ton of 
dry wood, or iietwmi 75 and 8(1 |ht cent, of tin* theoit'tical ,\icld * 

Mon* n-ceiit particiilars have la-eii given h} (i il Tomlinson* 
The dig(‘sters or coiiverlcrs now employed an* standard 14 ft 
gloliidar rotatory lileacliing hoilers, proteeti'd on tlie inside with 
an acid-pnsif tile lining This t,\jie allows oi (a.s\ tilling and 
emptying Sepaiation of the sugar from the wood;^ residue is 
(•ITecti'd in a standard heet -.sugar dilTiisioii battery jiroviiled with a 
similaT lining to that of the digt'ster From SO to l(Mt tons of 
material per dii> can be tn*aled in tins api>aiatiis Per ton of dry 
wood, (he ma.\imiim ^leld is :].*> gallons of alcohol (ttri per cent }, 
liut on a largo scale the actual average fields have hardly exii'cded 
half of this amount 

Aeeordmg to It von Dc'inuth,* dilute sulphuric mad has n'placcd 
sulphur dioxide as li^^droIjiHiiig agent in some of tho American 
factories 'I'o obviate flestnictioii ot tlie sugars fornu'd, the process 
IS accelcratt'il ns iiiiieh a.s possible The steuniing lasts only long 
enoiigli to hydrolyse a (rrtaiii proportion of c(*lluluse and produce 
a condition of eipiilibrium (lictwiH*n sugar d(‘stroyerl and sugar 
pnidueed) ; this lakes alMHit an hour. Tho hvdrolysed wood is 
then extraeti'd in n'diiTusiuii batter}, pressed, dried, and u.si*d ns 
fuel. 

Thu extract, after being nearly neiitraliiwil with lime, is fermented 
with yeast that has been eiillivated in a rje and malt mash ; cuoLihI 
malt coinbiiigs are used as yt'ast uutriiiient. ' Alamt 7 3 to D 5 litres 
of aleoliol (lUO (nt v'eiit ) an* obtained ])er KMI kilos of dry wood : 
this corn*s|^Miiids with 10 to 21 im[H>rial gallons p«*r ton. In addition, 

1 U.S. r. O'M'MH ef 1!N)0 * Ilirsch, J. InJ. Enq. Chtm., 1912. 4, 479. 

* Vhem. Tr. J . 1918. 68. 103. « Z$tt*ck. angew. Ckem., 1913. 26. 786. 
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a small quantity of (nriirntinc oil.alioiit H 03 p(T cont . is r(«covrrod 
as a by-pro(Iiirt Oiilj truMH of fusol oil niid cslorM nn* ])r4‘si‘nt in 
the uleohol profliienl 

AfTordiiif* to K lla^Kliiiid,' only very diliilo neul is liki'ly to ho 
eoinmereially sueceMifiil for tin* hydroKsirt of M»»od in the ninkinj; 
of aleoliol. iJihito aulphiirie aeid of stn'iif^lh 0 20 to 1 ]ier cent 
e-aii Im* em|)loM*<i, and the In'nt teiniNTnliire is 175" The propor- 
tion of uimkI to neid may ho an hi}'li ah 1 to 3 rnder thcM* con 
rlitioiiM the yiekl of alcohol uas found to hi: fnnn 75 to H5 titri*s per 
ton of Mood ([line or lir) The of siilphiirons tu id or ciilciuiii 
hisiilpliit(‘ dccieuscd the yield to ahoni tO liltcs and Ott |itn‘H jier 
ton n-hpei-tively ('oiii|Nirisoii ex|N'riinenlH ciirtii‘d ^mt Mith much 
stronger hiilpliiiiic a<‘id (70 ci-nt ) iiiduatcd that pmicr the 
most. fa\oiirii1ilc coiiditioiH ah inindi ah laS litrt'H of Alcohol (ht 
ton could he olitaiiied, hut the gn*Ater coat of the acid mon* than 
offset the incrcastsl yu'ld of alcohol 

Some lengthy and ciin‘fiit invcstigiitioiiH have also hesm earriisl 
nut by K VV KicsHinan- I lecuncludeH that for commen'ial working 
the iiioHt satisfiietor) conditions for the digestion nf the wood are 
PresMue, 71 atmospheres, duration of tlie digestion, twenty 
minutes from tlie time the working jiressure is attained , ratio of 
water to dry wood, 125 to ItKi , ratio of acid todr\ wood, 21 to J(N). 
I’lider tiu'se eonditioiKs. white spline yielded 235 per cent, of 
tot.d sugars, eidciihited on the drj^ wooil, and 71 4 [kt cent of the 
'*ugnr was fermentable The }ield of aholiol wah M51 [mt cent of 
the weight of dr} wihhI l^iri'h was foiiiul to }icld imich galactose, 
winch H not fermentable with ordmarx }east. 

Ke\ lewiiig the pre.M>nt position of this industr} , Tonilinson reganlH 
it as one of relative stagnation, due ]Mirtly to the fact that opera- 
tions Jiavc been slartiil pn-matiin’l}, with little regard to thu 
eomriiercial conditions involved® The fact, Iniwever, that several 
million gallons of alcohol have actually Ixs'ii prodiicisl from wood 
waste, and that at least two plniit-H have he(*n operating more or 
less continuously over a (KTiisI of 3 ears, justilies tlic Iwlief that 
ultirnato success is absurisl 

It was originally assiiined that aliiiosl every sawmill rejiresented 
a ]ios8ibla hx-atiun fur the establiHhiiient of an aJeuhul jilunt. There 
were large ntiiiibers of sawiiiillH at which the distsisiil of the w'oial- 
waste was a prubleiiqr.aiid even an element of expeiiMo. Hence 
it was OHsumed that thiH waste eould be pureliased at a jiurely 
nominal figure, and so an almost endless ehain of alcohol-producing 

' J. pr C%M , Bl. 3:18. « J. Jnd. Kng. C'Ann., Itll.!, 7 , UL'U. 
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plantfl mi^'ht h(' OHtabIifihc<l Tt was Roon fniirul. Iiowovor, that 
wliilo tluMT was no ({ucotion Iho nurntter of flawmillR nr 

tlu‘ (|uaii(il> of waste* w<mk1 )iro(Iiioo(J, nevort halosR flioro were very 
few iiiiIIm at wliieli the eonditieiiH wen* allofsether favourable for 
scltiiLf; up (he (*\((*iiHive plant whieli the nmnufaetiire of alcohol 
requires I’lie " life ” ot the luinberinf; oiM.‘ratie)nH innv b(* iineertaiii, 
the water siipiily (l(‘rK‘ieiil, labour or transportation taeilitics un- 
favourable, and so on iMom>ver, the Jimiberiiiaii who has a 
Miiituble loeation ” soon recognises his advantage and exacts his 
price The alcohol maker must pay it, for the plant when onco 
establisheil has no other soiiree of supfily Sawdust and other waste 
wood is bulky and dillieiilt to handle and transport ; so that, in 
practice, lit must be treaiixl at the plnco whore it Ir jirodiiced 

For iliese various reasons, the authority quoted considers that 
if the industry is to lie greatly extended, a modifieation of ])to- 
eediire will he necessary. Jii general, tlie s.i\vmiILs should produce 
the sugar solution from the waste wood, hut should not ferment and 
distil it 'riicy should eviqxirate it to a s^rup or molasses, which 
could then he convened to siiitahle distilleries working on a large 
s<*ale, where it would In* fermented and distilled under the most 
favourable eoiiditions 

This would mean that only a molasses plant would need to he 
iiistalleil at the sawmill, instead of the complete dislilh'ry outfit 
Smaller units could he worki**! eeoiioniically , less skilled labour 
would he reipiired , and the plant would he iiee fiom levc'iiue 
regulations. Kurther, if tho iiiolaKses juoduct is sold to those 
already engaged in the distilling iiidiislrv, many market and other 
trade dillieultieM are removed Complete installations for the pro- 
rluetion of alcohol would, of eoiirse, .still he erected in local it ic*8 
where the eoiiditions were s()ceially suitable 

Natundly, tlie important factor in the flevelopnieiit of the 
industry, as thus outlined, would he the cost of the syrup obtained, 
as comimml with that of cane-sugar molasses Tho following 
particulars of lu'tual working costs are given 

Working for twenty-two days in 11113, at three-fourths of tho 
full capacity, the Fullerton plant, previously mentioned, dealt 
with 6125 tons of green waste wixhI containing 48 per cent, of 
nioistiirc, and yielded 1,688,600 gallons (U.S ) of sugar solution at 
about 10 3 (ler cent strength. The total host was 31 8 cents per 
100 gallons. The molasses obtained by concentrating 100 gallons 
of tho sugar solution down to 12| gallons cost about 3 cents per 
gallon, including cost of evaporation This is much lower than the 
cost of cane molasses. But whereas one gallon of the wood molasses 
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rj^rlUrt i>n1y al)out 0 39 giilKm of proof i$|»iril (U S proof), rano 
fmoIaKsori }iiMs alioiit oiu* fralton PnijMT I'liciinrul coiitiol hnu 
'Wr, mifrht iii obtaining; a pnaliiH (Hpinl to caiu* nioluMhcH 
'.'^Tlicrv is thut) within reach an aliiio.st uiiliniiliMl aiip]i1y of woial 
tmolaaMM which the dihtillcr can rt'iuhly conxiTt into ali'oliol, with 
little or no niodifuation in the onlinarv di«tilliT\ e(|iiipincnt 
In W I* (‘ohiifN pna-CKH, the conxi'rsmn in doin' in two stag's, 
Fiiwt, steam h used alone , tliH itnidiues M>me acetic acid, which 
in collected 'riien a iiiivtim* of steani and frascoiis hydioddoric 
acid IS iiitrodiKcd to coinplcte the conierMioii - 

(hi 7 .a;’iie and de Dciiiiitli haxe dcHciiheil the follow iiifi proceiiiirc '' 
I‘ca 1 , or siwdiist, or other woimI wasli*. is .snichaidi'd hy heatiiif! 
iiiidci itrcisiin' with a miiK ral ,u id. The jirodm t is then s\steinati- 
cally lAtracted with hot water, or with \ masse liipior from heid- 
Mi^.ir m.inid.ictiire, m a hatterx of extr.u tion-xesM'Is, as in the 
extr.ictina of siijrar fioiii Is-cts The .solution thus obtained is 
neiitraliM'd with aiiimonu or alkali h\droxide, and fiamented 
To iiii|iio\e the fermentation ve.isf is u.sed whuh has been s|N>ciall) 
nc( liiiiiitMerl to li((iior.s from 'rlhilose iiiateiials contaiiiin^ tannins , 
and veast niitriiiieiit is <i(hKsl in thefoiiii of .sacchanfinhle suhstanci'H 
n'liilixcl) lah 111 ni(rof(eu and phosfihoiiis Thesi> siihstaiices may 
either he imlinh'd with thi' charge in the aiitochixe, or sacchaiilied 
scparatelv and added to the liipior after the extraetion is eompJetcd 
Mention iii.i\ he made heie of l.c\o^diieos.iri, ohlaiiieil hy Pictel 
and iSiirasiii on distilling celliilt>se or start h iiiiiler reduced pre.ssiin* 
This piodmt is h\drol\.scd hv dilute siilphiiiu acid tr»^'hico.sc, which 
ctiuhl he iisetl as a stains* of aliohol * .Vs the he\ofrlucoMin lould 
he ohtainetl in i|iiarititx. the authoiri siig^cht that it may jirtive 
to he utihsahle for the indu.stiiul priNliiction of uIciiImiI 

Alcohol from sulphite-waste liquor. - Waste 

fflilphite littiior is a h}-pisM)uct of the woikI pulp influ.stiy, and 
very larjre tpiantitics are axuilahle m the ctaintries when* this 
industry is earned on Ftir every Ion of cellulrjHe iihtait. I(t tons of 
tlie liquor an* produced Among the siilMtaiices jin'seiil in it are 
dcxtrosi* and otlier sugars , xylose , aeetie, siilphiirouH, and iannie 
Oeids ; methyl alcohol ; and nitrogcnoiis and n'snioiis bodies, 
together with ealciuni ligiiin-siilpliiiniitc, the chief hy-priMluct of 
the reaettun inx'olvrsl in^the pnaluetion of the jiulji. 

The amount of fermentalilc sugars iii the liquor vanes rather 
considerably, but* is usually Wtwecii 15 and 2 ]K*r eeiit. An 
anal}'sia by Klason gave dextrose 1 6o, inanmsie 0 o3, and galactow* 

. ' Chtm atuiMrUM. Eiuj , ItllH, |9. .'i.'i.*. > U.X V »K.-«72.i iiml 0K.i72O 
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0 27 jK'f CTiit Of llio-c hiigurs, f4‘riiiuiit.s iiiorp hlcmly than 

tlio nthers, and tin* hiL'Iicst ucIiJh ni alcohol oblaiiUMl, iirdipI}', 

1 1 per cciil cit lh(‘ volume ol the litpior, eoi rcKpoiuls ujijaoMinatel}' 
with lli(‘ (lcxtros(‘ and iiiuiinose eoiileiit. 

\'an(iiis j)ioccw.s aic Jii use for utilising the wuoto liquor as a 
<ioiircc of alf'ohol ( Miljiliite spirit "), lint all aic based upon the 
H.iiiK* priiicijdc The fnc sulphunais acid, which is strongly toxic 
lo \c.isl, ihjHirtU iciiiovhI b\ evaporation and parllv bv iicutrulisa- 
tioii to a point, of aiidity favourable tor fernienlation 'I'he hot 
liipior IS neiit rallied in larf{c vats, tli(‘n cooled in lowers, and aerated. 
A veast iiidiiment, such as malt extiad, or dead \ea.s1, is adried to 
llie looled, m'lilialiscd Injiioi, wlmli is tlnm feiineiitui Alter 
the b iiiieiilatioii is linisbed, wiiiih tiilvcs tbiee da\s i>r mote, the 
M'H'il H separated and the Inpiid distilled in a eonliniioiis-ai lion 
still Tli(‘ alcohol obtained !•< aliead;^ paillv deiiatiiied. Mine it 
usiiallv lontains a. little nietbvl aleoliol disived lioin the oiit'inal 
liipior, witb .some aldebvdts and liiiiiiial, and .someiinies 
aeelone 

Kkstroiiis pio(ess‘ lias been in opiiation loi .sevei.il veais at 
Sbutskai ^Sweden), and that ot Wallin at Foiss, wliibt otlieis 
eiiiplo^ved iiidnstiialK aie liandinaiks and .Man li.ind .s The 
dllb'ieiiee in the vaiioii^ pioeessis lies mainlv in llie method of 
neiitialisation It is not a«lvisiible to nnitMlise with lime alone, 
as II large* e.xeess is leipiiie'd. (Miising de^timtion ot some of the 
sugar In the Swc'disli plants wliieh .iie opeiatiiu* iindei Fkstioiu's 
and W'lillin'.s patents, tin* neiitialisation is [i.iiiK elb'i'led with lime, 
and then linislied with lalnum eaibonale In liandni.iik's pioeess, 
euleiniii earhonate oiilv is einplovt'd, and in .Maiehand’s bainini 
eurlioiiate Tin* waste liquor iloes not Lontain sutlieieiit nitiogen ' 
and phosphate foi iioniuil lei mentation, ami theou iiui.st be supplied 
in a HUilublu form, with the ^eust e.xtiael or otlieiwise In 
Kkstroni's method, a ^leiMt .speeiallv aidimalised to Miljiliile 
lupior IS useel In Lundniaik's proeess, milk or whey is heati'd with 
aeid, (he piecipitute sepiatisl, and tin* lupiid portion added to 
the bulphito liquor, wliieli can then he fernieiitcsl direetly with 
orilinary brewers’ jeast The <ost of the milk is said to be covered 
by the ligiioeaseiu " obtained, which ean be used lor sizing paper ^ 

A V. Jernberg** adds to the liquor a inaitraJisiiig agent and a 
sutlieieiit quantity of caleium eyanaimde, previously treated with 
wati'F or sleiiiii, to supply the delioieiiey in nitrogen. 

'I'he yk'ld of alcohol is about 1 iH'r cent, of the waste liquor, on 

* H.L\, (>7I1, lOlO. ' IbiiinoJutiiisi'ii,./. tSur C'Acm. /»(/ , liU8,37, 131 t. 

* U.S. 1*. 1221U58, 1017. 
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an JiveniKi'. tlimicli rjillirr grrtUiT air ilaiiiiiMl for sonu‘ of 

tlio ini‘lh(H|s 

VI S^^TH^:TI(■ AfX'OHoL KIIOM Arim LKNI-: \\\) 
CALCII M CAKIilDK 

III lli<' iiilriiiliii ton (lujilri ll |)oinlril mil tlial llrMiirll 
as lurio .I'io .ii Isjs, liati tllrdnl a Miitiirsi" of alioliol from 
r(li\liiir Till'* I'.i'N Uit'' (li'>Hi1\iil in .si|||i|iiii ir •loiii, ioi'iiliii^' rlli\l 
IimIfo-ji II siil|i|iati from uliicli .ilmliol \wi>> oltitiimil l>\ diluting 
tlii‘ .Old solution .Old disiilliii!; il 

Tills mi (liod ol olil.illlllli.' .ill oliol lias irmilllird .1 |>lllH\ l.llml.ltol v 
o|Mi.dioii l<ii (Ik L'li.itir |mi( ol .1 unliin liidini iii'Vtiad of 
itli\liiir liriiio ii''>d .Isa HHiiri oi .ilioliol. (hr latlii siilislamr him 
liriirilir Jiiovt (OilM'llli lit m.llHI.d liolii W li|i ll to olil.oil rtll\lr|lr 
Witli till lomiiiL' ol tin iImIiii liiiii.or lioui>\ii iiiattrrs luno 
nltriul III Its aid i.ihmiii i.iiludr |.s iiiodiiiid and srivrsasa 
r|MM|i souiH ol .itit\lr|ii Ml Mil It li.ls In 1 onir piai tli .llilr 
l>> iiiiiM itniL' .0 rIsIriK into rlli\ li iir to iitiliM* llrnii II s s\ iitlu'sis, 
.Old tliiis oht.ini .diohol on ,( < oiiiim n i.d st.dc |joiii iKlsIrnc or 
tioiii I. ill mill t.iiliidr riir nitimatr i.iu iiiatriials ol (]|i> (ailiidr, 
III I mil 'i‘, .111 I o,d and 1 li.ilK 

Till Wastr f.i' lioiii (olvi OM Ms I oiil.llMs lioin | |o J |ir| (Mil ol 
i||i\liiK‘ ll .1 |ir.it In alilr mraiis of iililisiiiu lliis li\ (|ir sulplniiir 
• id |iioM..<- UMi loinid. (okr ii\mi nas mi;:lil |iio\r to la* •01 
n onoiiiii .ll siiiiirr ol .di ol|o| 

A diawlia'k to tin- mrlliod aji|iiais (o lie tin irla|i\rl\ roii' 
siih r.ililr xiiliiMK ol .«tioii^ '■iil|iliiini and tli.il umilil lir miis»aiv 
for o|ii-iatimi' on a laii'i* si air \iiotliM }ioHsd»ilit\, lio\vr\c], is 
till* loiiiM-ion of aiil\lriii into .0 rtaldi IimIc. and liir Kdiiilimi 
of till' l.itirr lo .ilroliol 

Vaiioiis |i.itriits h.ivr larn takui out fm lurliiods of oldaiiniif! 
dli\l('iir and aliiiludr from airtxlinr 

Tlni.s 'Ii.iuIm-' (ouMifh antJnic into rdlislrnr l»y llir aid of 
nhroiiioiH s.dts in and solution. uiHler jursMtir 'I'lii' ilironiou.s 
Hall lan la: n i{rnriat('d from tlir rrsidtin^ I’loomir i oiii].iiiind hv 
mluL-tioii ^\ith zaiir, or hy C'lrctioKtir niothods For I'xainplu, 
4 jNirt.s of cTys(allisc.'il ihroiiiiuiii chlojiiU*, 2U jiartit oi li;^dro( lilori( 
acid (2tl |H‘r (cut .stiuit^li), and 4 parth of zinr an* hliakcii with 
04 i»art by wfight of ind^lcno iintb-r pn-hsun* Kth}lc‘iio and 
hydmi^'n arc produml, and cmii bo Bcparatcil by oidJiiary niclhodti 
In a proccds dr*scribcd b\ Frwiiian,® ctlivlmc is said to be pro- 

> 1WJ3. 1013. 
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(liicod by injH'tiniir a curroni r>f hyrlro^pn iiiin an elrrtric arc b ' than 
r.'irboiis in n <-liiUubor from whifh air m cxcliidod Tlir ctliyliT iiicly, 
olituinrd IS led through a touvr, uhcre it is absorbed by si.mately 
ncid The alcohol is diHtilhsl oO, and purified by rectification. 

In another proc(>RM,* ozonised oxygen (ri40 litres) is made to act 
upon a mixture of ncet\leiie (4/}() litres) and hydrogen (IT.'l litres) 
at a low t(‘m[i(‘rature The ])nMliiet other than the esc!i]iing gnE 
{oxyg(;ii) is neiitralisisl with sodiuin ciirhoMatc and fraelionally 
distilled; it gives first aldehyde and thim alcohol The viild of 
alcohol IS said to be about one-fourth of the theoretical. 

IlibIsTt and Moitoii’* obtain aldeliyle (n) bv passing acetylene 
into dilute siilphurK* acid coiiiaiiiing a salt of itieieiir^ and a salt 
of a relativch weak acid, .such as a borate, uliieli is iiol lediieed 
iimler the uitrkiiig conditions, or (/>), b\ p.issing iKct^lnii' into a 
solution eoiitaiiiiiig a salt of rneriiir\ and an lUsd salt ol a si long 
acid, etj, w bisiilphate, but praetieall,\ no li\ili'ogen loiis .V salt 
of a weak aeiil may also be present in pioeess (/j) 'I'hc aeet.ilde- 
h\d4‘ piodiussi IS ilihtilled otT siiiiiiltanisnislv 

l)n*\fiis' obtains aldehyde b\ tin* roinbliiiitioii of watei with 
a<'et;ilene in the pri'sence ol a mercury salt 1'he niliMte. Iho 
nictate, and the chloride aie the most ai'tnc A li(|uid incdiuin 
IS (‘injiloMsl in which the meimiiy compound is soluble, such ns, 
'or 4'\ample. acetic mad, .so that tin* i.itahst ads in a nearly 
liomogciicoiis s\st(Mii Or acetone iiia\ la* used as inednim , it 
has a griMtiT solvent action on acctvlcne Ih.in waits luis The 
actdic acid is emplowsl at a concentration of SO pn cent , and this 
IS manilamed b\ adding water as recpiired to ic|)lacc that taken up 
by the aeel\lene From 8 to HI p4*r j’cnt of the catalvst is used 
III the inixtiii'c in Dreyfus's pnicess, the aldi'tiMh* piodiiced 
may, if nspiired, Iki o\idi.s(sl forthwith to acetic acid b;^ including 
an.oxidising agent in the mixture : the oxidiser may Im a peroxide, 
or oxygen, with a catalxser such a.s cerium oxirle or maiiganesc 
acetate The teiii|M*ratiire is kept betwis'ii ot)' and HMI ' 

Dilute .siiljihuric acid (15 to ItO ]H'r ci nt) , with merciirie oxide as 
catalyst, has also la'cn uscil to «*lfcct the hvdration of the acetylene. 

A German process,* bas(*d on ii biinilar principle to that of 
Dn'vfus's iiK'tlnHl, is thus deserilied . — Acetylene is led into a well- 
Ntirreil mixture of glacial acetic acid (HMM) grain.s), strong sulphuric 
acid (22 5 grams), and mercuric oxide (100 grams), at a tcmjM>rature 

» II.H -1’ , 14U803. 1002, Jny * (’o. 

■ U.R. 1\, (fi) 121»48«, (A) 12134.S7, 1017. 

» K.r., 47iMi.''ili. lOU. 

« U.r., 5132, 1015, CWr/rliiim /. Ehkiroeh., Numlierg. 
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The* (*\rt*>s of pas fNisHiiip out ih roiiilurtod suei'CNsivrlx 
\ fractioiiatinp a|i|Mratii'i, a romlf'iiMT i-ooleil 1»\ a frir/,inp 
an alisor|i1ioii \rsM>l chaipi'd with uater in which tin* 
, <nffi'h\rlc IS alisorhrcl, ami thi'ii Imrk to thc> reaitioii \rNM*l apain 
Ahsorjitioii takc'M iilacc at the rate of 100 to l!(M) litres jtcr hour, ninl 
water is adilnl to ir|)liii‘r that iimsI ii|) ! 1I»0 t'll 3 t'llO) 

Aldc'livli* iiriMlined in this and olhiT ]iroi'i's.scf« may then In* 
vitlii'i* reduced to almliitl or oxidisisl to aii'tie ncid, [leeoidiiip to 
cm iimstam c" 

Tile redm tioii is eiTt i ted li\ |Missinp a mixture of aldeh.Ndi xapoiir 
and pure hxdiopeii in cxtiss over a loliimn of ledim*^ nickel at a 
temperatiiie of 1 lo ^ At a Inuln*! ti iii|M‘iatiiie (ISO* ). the a^ili li,\de 
irt dei oiiipo<<rM| into melliam* and (ailioii monoxnle , and in iin\ 
cas4> the ic.iition teinls to hi n*\riscd by the ih'liNiliopi'iiation of 
lh(‘al(oh«il formed \1 10) howiver. about Sti percent of the 
aldehuh' passing ome oxer the iin kel ih coincslid into alcohol 
The catahst is pi(|iaM‘d b\ ledunnp nickil omcIc with ludropeii 
at a ti'iuiiciatuie not lupin*! than .TiO On a larpe Male, tin* main 
pioiiss i'- (.lined out in im lal tiibc^, preti‘iabl\ of nickel hc'ated 
electnealK, in oidei t«i lepllhitc tin tem]N i.itllie most (‘as|1\ 

The outpoinp \apouis aie stioiiplx (ooh*d in order to eotideiiM* 
the ahcfhol and iimhanpcd aldehyde, winch an* then hcparntcsl b\ 
fr.ietional di.stillation 

In order to .uoid “ |M>t.soiiiiip ” the catal^v.st, it is nccchMiry to 
uw* W(*ll puiilied hulropeii and alilehych* 

Aeeordinp to the c laiin of A 0 Bloxam (foi the Kleelri/atattiwerk 
lain/ii)/' a laipo e\cc*hs of liMlropeii m iidMsable, in older to rediieo 
the pro|ioition of iinehiiiipisl aldehvde in the piodiiet, and alho to 
keep the react ion -c ha mbei at the piofN’r lemperaliin* b,\ eon 
diietinp away the i xeess of heat develo|N*d in the reac lion, whieli is 
a atroiiply exolheniiie one (neaily 3tjtt Cal pel kilo of alcohol 
produced) 

With ii M\-lohl execHH of hvdiogeii above the theoretical, the 
alcohol obtained is free from maliMlorous by-priHluets, and eonlajii.s 
but little alilelivde If liie h,\dnig(‘ii and nlileli>de-va|Niur are 
pocsai'd at a teiiiiieratiire of W)” into the reaetion-c’liainbcr eon- 
taiiiiiip the nickel, a tliirly-fold exeewH of hydrogen koc'ps the 
temperature of the chamber at Ifitr" The rxeesH of h>dn)geji can 
be returned again to the ehamber thniugli an ext(*rnal circulation 
system 

The foregoing pnieetw, or Home itiodinealioii of it, ie un(Je^^toocl to 

' SalMtiiT Riid S< iiilvn'iw, Compt. reiui , liiU't, U7. 301. 

* Ji.r. lJUPiJ, 1‘Jltl 
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AU'Oiror. 


f'tlAi'. 


hr .K tij.ill\ ill 111 (h'linaiiy (l!)JS) for prnduriiif; hdth alcohol and 
acetic acid 

It was ic|Miitcd III 11H7 (hat tlic leading Swiss liydio-olcctrio 
coin|iaii>, working with the lainza aliiininiiiin (oiiipnny, had ooiii- 
plclcd rescan hc-s iipnii the prodiu tion of alcohol from calcium 
Ciirhidc, and that the Swi>s Fcilcial (io\(Tnnicrit joiidlv with the 
[i«iii/a (iim would iiiIkhIiicc the new indiistiy into Switzerland. 
IVesumahly tin* proicss is ImHcrl upiai cither the cthxlene or tlie 
aldrhxdi* hMitlicsis. hut the actual detail-, do not appear to have 
hern piihli.slusl It xuiH coin]ailed that an output of T.oOt) to 
inetriy t«»ns would he readied, lea\in;r a surplus for e.\]a)r( 
4iliove the countix’s rei|uiivmr‘nls In MHS. a lai^i- plant, capahlo 
of piorliiemii 1*S inillioiis ol gallons prr aiinuin. was slated to he 
in ciairse of ciedion at Visp 

In (ieriiianv, it max In- nuntioned the piodudion ol alcohol 
lioni celluloM' and ftoni cahiiini (aihidi' is to he reseixed to the 
State (fmiMTial Spiiit Monopidx Bill, 1!)IS) This is done in the 
interests of the lanniiii' < oiiiimiiiitv, “in oriler to ^iiaid aj'anist 
a development which, under a sxstem of fne i (nnjictitiori, would 
la* danjicious to ai'iieiiltuic ' The inaiiulactuie ol .iholiol fioin 
caleium caihiile is ,s.iid to haxe hecn (iiiiiid out xei\ siKcesslully 
tor some time past, cspct lallx hx tiu* Modisl Kailiwi iKt n 


VII STAThSTK’S \M) MISt'MI.UXKDl’S NOTMS 

'Mxmhims 1 si I, IS liisTii.i I lui s (I sail i» Kismmoi) ' i xh i si»i ii 
Si i‘i I Mill It :iiii II, 1 * 1 1.1 
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M'iIiI-iM ■» 
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1 'w 1 - 
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7s 1 'illj 
isu.risM 

.’17,017 

OOli.J.'il 

1 .'04._’J'{ 

a 7so 

.’0,71 a 

I'nili i| l\iiii;i|iiiii 

i.u~i;{,i,iis 

JJSIS 7.10 

I.304,L‘J:t 

.'t.TSo 

•_>0.7ia 


IjiiO'I (iuiiii's IIP- iixiiil.ihli', lull nil iu'i'iiiiiil Ilf Mill roiKlitiniiH llu‘y iiru 
Irsi |,<|in-,niliili\r nt iiniiiiiil |iiihIui* 1 | 0 I 1 

The inaUini; of xcast is noxv a v’ery important operation in many 
of the larijer dustillerii*s ni addition to r.piiit pruduetion About 
txvo-tifths of the total alcohol distilled in the rnited Kingdom is 
made at distilKTle^ when* the proiluetioii of yeast is also ennied on. 

Noniiallx . then* an* about IW to IliO alcohol-prcKlueing distilleries 
in the kimidoni The following tahlc diowh the iiumlM'r working, 
and the iiiimher of those iiiiiknig yi'ast, in the year ended 
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Si'pteiiiher .‘loth lltPl Tlie tiftmi \e.isl iirofliicin^ di’^tiiierie.s 
I'ontiilmted 20 li iiiillioiis of pMmf tiiiloiis nf 4ili't)hol toward.s a 
total produttion ot 10 (» niilii<)iH fnnn all tin distilleiies 

iMollI 1 1 nil 1 IN' III! 

I'siri II KiNt.hOM ^ 1 \i. 

n 

KimiI 

i:n;|iiiil s, iiiliml Inltiiil, 

1 'iiiti >1 
Kiiiadiiin 

I Mnkiu 1 

1 ol'i'j |iiiii III mill 

nr Milllniil |<>il 'Mils 

II \ ./ ti‘n1 II -/ v- 

I'/l t -.Mijr 1' O' III -iilU 
mill III Millioiil iiol 'I'll' 
1^1 1 -iiiJ j" < -'1 'll ■•iih 

:i 7 

'• Il J , 

111 IT 

1 1 

1:1 

1:11 

'l.ii. U 

s 1 *7 1 

IVI 


'I'liH'' as rriraiiU tin iimulM-i ul ilislillniis Su>llainl (’niin's i'asil,\ 
(list Till* of (iKoliol distilinl 111 Scftd.iml. Iiovu'vcr, ih 

(inl\ .ihniil (\UM .m iiiuili as in Kii«jl:iiiil. .mil luo and a half tinics 
.is iiui< li .Is in 1m l.iiul .Sin.dl ]ir)l still di^lilliMiis am a notalilr 
liMtuic Ilf thr S, 'lit. 'll ,il,ii|iii1 nidiistn 'I'hi' 111 |m> 1 stills iioli'd in 
tli<> t.ililc piodiKid li.iiih nni> tliiid f>f tin Intal ainnnnt nf s]iiril 
dislillid iimlli of till* Twiid OI foursi* tin* nninlu r of dislillorK‘.s 
woiKini; ni.iv \.ii\ .1 litllr lioiii to mmi In P.M I il had risen 
lioin I.V.l III hi.'t , aiirl III I'.llo It li.id fallen to J TJ, piohalil^ 1)} 
oMsiiii of \sar < onditioiis 

Spirits distilled in the United Kingdom : quantities, lining ilm 
ten \e.iis from I'XtT to PtHi llie ainni.d |iiodiietion of distilled 
all oliol in .*^1 oU.md 1 iimid fiom 20 to 'JH niiliions ol /nor/ ^allon.s, 
III Kinrland fioin l 0 7 to 11)0 iinllioiio and in Ireland fioni 0 7 to 
1:2 2 iMillion-o In i;alloii't n| .iIi'.dIuIi alioliol (PNI |iei edit aleoliol) 
these leiinis aie approMninteK e(|in\.denl to - - 
Koi Seotl.md II t to 11)0 iiiillions , 

I'.tiLdiind ti I , 7 0 

, lielanri, ."».■) 7 tt 

The jicln.il total juoduiAioii of s^jants dotillol m iln* I'nilr'rl 
Kiiigrloin III eaeh of the li\e \e.irh 1012 I'.IJli is shown 
iielow " 


• 

Vnir < iiili-rl 

I’liiiil 

i:i(iii\ III' lit 

)'l)l|ll|IH Ilf 

iiiii«)iiiii 

Mitnh :t1s| 

LMll'in* 

(ili'olnil 

1012 


20,071,004 

lOlO 

iri,r>'ij.7r>} 

2ri,n2S.'00 

lalt 

.'ll. 4112, lOh 

j'i.ri42.:wi 

I'll.'i 

.7U.l.'10,ri-|7 

•j4,.jo:i,os:i 

101(1 

49,13C.11I(I 

2M, 021,210 
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AliTOHOL 


CHAP. ' 

All iili‘U of llif ri'liitivr pro|H>rtioiirt in uliich pot-Ntill and ])at(‘nt- 
still .s[)iiitH ai(‘ {iiiKiii<‘i‘(l III Scotf'li and Irish ilLstillcncs may be 
fratliiTcd from the following figures * 


Yi‘11) IIMI7 
iSV tilmhl 

I'ui •.nil 

’ ritii'iii kiiii 
In /ami 

fill Mill 271), 71*8 :ui:i,iiif 

fall III Mill -- S,;(72.lil)7 

• 

Tlir hihb* hlious also tho pro]M)rtion produced from mall only 
compiircd with the ipiaiility obtained from a mivtiire ot malt and 
iiiimalted giaiii These are jiraetieally the oiilv mati'iials which 
at tile date of the report ipioted (liN)ll) had been re((‘ntly used iir 
tSeollaiid or Ireland for the proiluetion of distilled aleolml, though 
molassi's, sugar, and jMitatoes were used to a snuill extent in >eiiiH 
gone by 

In Kiiglaml at the |)iesent time a eoiisideiable (|uantit\ of alcohol 
IS produced from molasses, as well as fioni malt and unmalted 
gram Kiei* ami other niaterials are also (‘m|)lo\ed, Imt to a 
iclatively small extent, as will be seen from tin* tal>le pie\iously 
given (p Ui2) 

'riie total ipiantity of /tpinln idfuml for homr ronsuMjtfiim iii 
the rnitisl Kmgdoni fluring the year I'.Hii M was !12,r)!H),42() proof 
gallons, eipinaleiit to lK.r)H!),.'{4.S gallons of absolute alcohol. 
This dfS'S not iiieliide alcohol intended for mailing into 
nietli}lated .spirit, luir that for use dut,\ free in arts and manu- 
factures 

For the sep.iiMte count ries, and pel head of the po]aiIation, tho 
(piaiitities weie as follows — 




Qiuiiitily |ii r 
lii'iul of I iio 


Total r|iiniitily 
Proof gulloiih. 

piipiilnl ion, 
I'niof gidloiiH 

Kiialiuiil 

2J,r».VJ,7.V.I 

01)1 

Si'iitliiiul 

ll.srill,41!) 

1 4.7 

lii'liiiiil 

:i.lSll,24N 

1)72 

I'liiti'd Kingdom 

»2,riUli,42(>i 

1)71 


The ituantity of spints receivi'd by inetliylators during the same 
period, for conversion into methylatiHl spirit, was 7,7111,308 proof 
gallons, equivalent to 4,402,228 gallons of absolute alcohol For 
* Kuval CuiiiiniMiioii on Wliiaky, lioport, pp 7, 8. 


Fmiii Kniiii iiiiill 

iiinll (iiily iind aiuiii. 

I’ntof gHildllH. 
in,IN7,liSri 

;t!i!),:>i7 i4,;i,ii).s;iu 
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use (liity-fn'e, either in n pure oute liy eollep'S, linH]utii1s. efe , nr 
\iilh s|H'eml (UMiitiiraiitM in variouH nrts iiiul iniiiiiifnetiin'H, the 
quantity was 7{M,*J2S pnNif f^lionn, eipiixaleiit to 4r)l,t!27 ^nlloiiN 
uf absolute alrnhol 'I'lii^ iiieliidi'S f).‘bl71l proof gallons of meth^\l 
alcohol, import (sl from nbroml 

Alcohol exported and Imported : United Kingdom. The e\])iirtr« 
of hoiiie-inadc hjnrits (other than ineth3lated spirit) aifiouni 
uppruximalel}' to 10 million jiroof gallon.s {ht anniini. 

Ill nuniial times plain ** spirits iV„ alcohol not sweetened or 
Ihuoimsl - an' imported to the extent of about half a million to 
three ipjarlcrs of a million ]iriM)f gallons, chieliy fiom (lennany 
and Kiissia 

Revenue from Spirits: United Kingdom. -The net rVceipls of 
n'veiiuo from home-made and imported sjiints m thu live years 
l!lll 1:1 weiu as follows ‘ - 


Yl Ml 

Mmni inade 

Iiii|iiilteil 

Till id 


1 . 

£ 

L 

ION 

IS, 7 : 1 1,2011 

4,2!)H,|HI 

23.0*0,000 

101 J 

IS 711. 302 

4.21.7,7*5 

22.727.137 

lOll 

1.S,I32.I!L* 

4. 100, 70.') 

22..70'I,2K7 

toil 

I0.7;i0.777 

l.4:r»,7(Ml 

23.07.7,277 

lol.'i 

20 .:i 0 j,.'i 00 

4,‘I7J,<H>.7 

2.7,27 1,.70.7 


Rates of Duty. l!Hs(rnit(Ml Kiiiadoiii). 

Excise 


£ H, tl. 


It 1 1, Ilf iiiii'iiml s|M'i jlir ^lll\lly 10.V> . 2 10 0 |ht iWi ^iilloiih. 

( lilt r III jMMiy . 0 0 4 „ aiilliiii 


h|lll|ls 

W Jin'liiiii'.i fl fill :i vi'ilih «ii linin' I 10 IMlii' pniiif (.'iilli'ii 

,, 2 „ ninl Ii '•H lluiii :i 31 ‘uiri I II 0 „ „ 

.\iil \>iiirliiiiisi'(l. III >iun'lnni*i''il f«>i It s*i tliiili 

2>uiis I II 0 „ M 


Customs 

tS|iiiits 'Ilic Ciiriloiiii itiilii'h nil iilaiii HpirilH, Hiiil iilhii nil liiiiivii iiini 
iiiiiliihiMi niiii, un- .'ll/ [n*i pnml f'lillini iimn’ lliini iIiom* hliuMii uIium* 
(111 liiiiiidy liiiil nini, the ex<i*Mh iiIsivp IIh Kxntr rail’ ih 4i/ iwt ('ullnii 
Km hVifi'ti'iMMi hpiiilH uiiii iHffuiiHHl bjiirilH, till* mil* varicM HCCunliiiK 
tn wliflhiT III*' H|Mri(ii niv iiiiiMjrt<'<l in ruhk nr in laitlle 

£ t d. 


Oiliirul hydrate 
( 'lildnifiinii 
( 'nllmlinri . . 
Ether, arctic 
„ butyric 
Nulphunc 
Ethyl broiiiidc 
„ cliluride 
„ ludido 


0 1 !) iHT lb. 

0 4 4., „ 

1 1-4 II ,. K'^lloii. 

0 2 7 ., Ih. 

1 1 10 „ K>^Uon 

1 Hi 6 „ „ 

0 1.')., Ih. 

1 1 10 „ khUoii. 

0 10 0 „ „ 
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Imports, into tli<‘ (Tnih'd Kiiigilom, nf mclliyl alcohol not {uirified 
HU llicir fitly to Im‘ potable 


(Xiiinfr^. 

iiii:» 

(Snlliiiis. 

ton 

(liilliins. 

rnriiiilii 

ii)j,s;ti 

HJ.T.Ti 

1 'nil I'll Sillies 

2‘I7.7II2 

3.m,KK1 

<ii‘riiiiiiiy 

a:i,.'>uu 

.rj.Vh 

OtIlIT Ciillllf IK s 

It 1.210 


Viiliii' 

i*70,17r> 

107.21:1 

ji:r>:t,2i»i 


Annual production of alcohol. Tlio folhoving (abli^ MnnMi.iiJ!>(s 
llio apprnxiiiiati* niiiiiial ((iiuntilicvs of alcohol prodin (‘r| Iiy the 
larger fountrif!i, with the principal raw inatrrials (‘inplojed 

p«»a Till, pni \i \Ks 1!N)!1 I'll.t. 


Million pilloiis ) of 



lIMl iMT ei III itlenliiil 

< Ini f 
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bseii fill 

eiii|i|oyi il 


jiiimIui'- 

Im \eiiijfes. 

tei linieiil 


linn. 

lie 

l»nr|insi s 


Ansliiii IlniiL'Hiv 

ill) li 

12-7 

ID 1 

M.l'/e Im 1 1 niii|ii% 1 

Kiiuim' 

.V.l 3 

12 ;i 

117 

!•( 1 1 , inii|.i--i s iniii 
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I'ol.iiiiis >'iiiiii , nin 
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12:.!l 
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• .1 \viiis’ ii\i iiii;i> 


Ih'Igiiiiii mill llollutid I'ucli ])ro<lii(M' about 7^, iiiilljon gallons 
hi l''iaii(r, appioximatelvoiir half of the total (|iiniifil Y i.solit.iiiinl 
from Hiigiir iH'et.s, and one sixth fioni inolasM>s About one-si\th 
nUo is produced from wine and fruits The n>ninmdcr is sup])licd 
by potatoes and other stareh-bcaiiiig niatennls In the year 11H2 
about 12} niillion gallons weio used for heating and lighting, and 
•t iiiillions for making explosives 

111 the United States, the bulk of the alcohol produced was 
derived from grain, chietly iiinize, but an ajipreeiuble proportion 
is obtained from molasses Areording to A Breeklcr,^ the total 
molasses available in the States and Cuba would suflice to prodiiec 
about t)7 million gallons (Imp } of nleohol At the price of 5 cents 
per UiS gallon for ino1a»u^, aleolinl could be jiriMliiced from this 


^ •/. Ind Eng Vhcin , I'JIT, 9, B12. 
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mntcriiil jit siliuiil 10 crnls |mt TH jmiiif unllon, oquivali'iii to 
1^ jMT lin|)oriiil gullon nt KM* ]ht cnit '^tn’nplli 'I’ho nxri'flpo 
prn-o of ulcohol from inai/o iliiring tin* lixr xoars prior to 11H7 wan 
17.") ernta jirr US jmKif pnllon Fnini llio jioiiit of xiow of tlir 
iiso of nlcotiol ns n motor furl, niai/x* hpint ih too oxqioiiMvo. iiiid llir 
total ninouut olilaiiialilo from niolasHos would n'proM'iit onI\ about 
5 ]M’r cpiit of llip country 'a riMjiiirciucnts of motor fuel 

ticrmanv, it will liLMiotirrd. is after Russia t lie largest pioduu r 
of altoliol, xiitli more than ilinv tiiuis the (jiiantity made in thia 
country A large ])ro}iortion howc\(‘i ion>;h1\ one fouilh of the 
whole. IS iiseil in lieatmi; ami lurhting for wliiih piiiposes in the 
Uiiitcd Kingdom cheaper pelioleiim .iiid gas aiv* axaihihle In 
(lerm.inx, the alcohol distilling mdiistn, iiisti.id of laihg comcn 
trated into a f(‘w hands as in this counti'N. is a \eix widespread 
om* 111 fad, the dNiilerv is often an a]»panag(‘ ol the farm or 
tlie simill holding Tiie total iiiiiuImt of distillciies is more tli.in 
Five-sivths of the niiiiihei. howexer. an xerx amall 
‘ farm' distilleiies piodming ahohol fioiii Iniil and with an 
axer.ige out pul of only about Kt to 20 g.illoiiM yailx There aie 
mole than 0 000 I.irgci faim distilhaies with an axeiage \earlv 
output of lather less than KMN) gallons each, )aodui mg ahohol from 
giam 'I'iie gie.it hulk of the (tciman alcohol, about foui filths 
of it, Is, however, olit.iiiicd from potatoes Most <»f the distilleiies 
cmploxed 111 tins hi.uieh of the indiistiN ap|iio\mialel\ fi,000 
are also agiiciiltural distilleiu-s 

'I'he (lennaii distilleries aie duidid into thrue elasses, whidi are 
aiioideil 1 ‘erlain dillerenee'« of tn'atmeiit in the malter of taxation 
Tlieie are liisl, “ mdiisliial di-tilh in s ' {tjunffiluhr Jtn ininm n), 
tained on li;i iiidix idii.ils or <ompaims hoIcIx for niamifaetniiiig 
taiipnscH iSeeniidh, theie aie " agiK ultuial distilleiies ' {land- 
v'othv'htifllirhn Hnnunmn) , tln-se use as law matenuls yailatoes 
or gram grown on the owneis f.iinis. or on the farina of one or more, 
of the owners if the dislilhrx belongs tti a eo-operatixe orgiiiii.sa' 
tion “Material distilh'iies ‘ {mntniul Itnutt(nicti) form Ibe 
third class; they are the verx siiiall coiieeniH wliieh use fruits, 
lirrries, wine Ioe.s. ami the mans of gra|H's for tlieir raw' imilerialH 
Bv far the greater yinqiortion of the sjurit made in Germany is 
prodiKa'd by tlie sei^md gnnip the “ ngneiiltiinil “ distilleries. 

In the interests of ugruiilture, the |irodiietion of aleoliol from 
]K>tatocs has all along lieen fo.sler(sl by the State llic residual 
produei from the distillation is xahiahle ns a feisling slufT and 
fertiliser, and the agrarian iiitercsls hn\e urged that without the 
distilling industry as aneillury to their agiieulliiral operations large 
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tniotM of Hoils in the (‘iiHtx'ni proviinrH roiild not prolitiilil> lio 
ciiUivAtcrl I'lic* Hitimfion in iiou, lioucviT, l)(‘coiniii}; coinpIicntcKl 
l)y the tlireiiteiicd eoiii|M-tition of uleohol fnjin (‘(ilriiiiH carliidi', 
\V(mh1 wa.Mtr, anil sulphite liipiois 
The siihjoiiieil ahstrad of u rnited Static piihliention gives u 
useful n’Huntf' of the steps taken to foster tin* in(liislr\. 


AiisntMT 01' IKS A I)i>:i*\im'mknt ok AoKin m Hj: Him-kmw 
No 1S2 l'i{OM>isioNAri “ Aoiiicrj.Ti'UUi Aix'oiiol. 

StI'IHIOS ok its M\MKA(rn»Kh IW (jJ:I{M\NV” 

t 

liy K 'Krrmi'rn, Wanhinyton^ fUm'rnmnit Print iny OJf in', Itllfi 

1 Intntdiictum - l-p to JSIO, the aleohol industry m (Jerman\ 
\s\M liased on the use of eerenls, and was developed lu.oiilv in the 
towns With the exismsion of the eiiltivation of ]M»laliH*h wliieli 
give a huger ,vield of stareli {mt Here than een'ids the ilistdlalion 
of aleoliol lieeamo hirgtdy an agrienltiiral industry Tlie agrii nit oral 
signilieanee of this duvelopineiit h hh follows . - 

(u) All the ingredients taken l»y the |K»laloeH from tlu- sod 
are returned to the soil 

{b) The spent iiiash is an im[M»rtnnt feed for cattle 
(r) The intiodiietioii of potatws into the rotation of <ro|»s has 
made fsissible larger vields of eereals 
(f/) Tlie fanner has Ihhui able to efuivert thi* unstable potato 
crop into a stable i»roduetvvliieh may be held as a surplus 
stock for wverid years 

2 Mask niimcity ttireji, 1820 anti 18IJS- Vp to IS20. the tax 
was h‘vied on the still; this was replaced in I'russia and other 
North (lernian Ntates by a niash-ea parity tav In IHliS this tax 
was extended to all Ntates in the North (icrmnn l''edrrntion 

3 Tajcrn on thi fininhed pnxlnrlH, 1887.- In 18S7, a tav was 
h>vied on the linishcHl pnaluet, when disposi'd of, in udditi(>Ji to 
the nia.sh-eai)nrity lax The w'roiid tax was higher than the 
lint, and was graduated neronling to the ([iiantity of sjiirit pni- 
duciMl A certain amount [Kmhngent) supposed to ccpial Iho 
consiiiuptiuii for beverage pur|K)8cs was taxed at the rate of 2 j» Id 
]H’r gallon. Tho surplus ( Vebertontingent) was taxed at the rate 
of 2ii lid per gallon Aleohol used for industrial puriiosos was 
not affected by this legislation, since the tax paid was rcfuiidi'd 
(soo below). After this Act came into force denatured aleohol 
beeaiiiti as free as auy other commercial commodity, and its price 
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was lowerwl. Tlie rt-Hiilt was (liiil tin* rinantity of iruliistrial aloohul 
used about diuiblerl in one yc?ar. 

4. Incnasr in Irchiiiral ulihmtion •»/ alcohol - After JS87, there 
was a eonstunt iiUTease in the ennsiimplion of uh'uhol for tei-hnhti) 
})iirpo.s(‘.s Jt aas rtvoi»iiis«*<l that the most iin|)orlant lield in 
whiili this eoiisiiniption eould be looked for was in its application 
to the pnxhii'lion of heat, lifrht, and ]»ouer Aleohol burners and 
euokin^ ajipriratiis had Ihh'Ii umsI for a loiif; liiue Its application 
for illuiniriation and the f;enerntion of power were, however, new 
Ihit 111 onler to neooinjilihli an\ tiling of ri'al im|M)rtnnee, the ]tii<'e 
of aleohol had to be nshietNl to such n point that it eoiild eoinpi'te 
with petroleum * 

15 lh}thlhtion toe, 180r», and lmnn on t ml untnah alcohol 
Kri'edorn from faxulion dul not siiHiee for the piirpo.se di'sired 
The di.stiIlatioii tax was uceordin^ly brought into forei* in JKiiri 
The revenues fiom this soiins* were ii.sed for pa}inf( a refund or 
bonus on the aleohol us«‘d in (iernuiny for other tJuin beviTnf{e 
puipo.**es fn oilier wonls, the nione,> iieressury to lower tiu' 
price of industrial aleohol was mihed within the (tiKtilliiif; industry 
itself 1'he result was that fioin 180ri to JHflG the quantity of 
aleohol used industrially jiiereased fnuii less than J!1 million to 
inoie than '21 nullioii gallons 

I) Incivasc \n imUiUt cuHutc- From IS{)7 the production ol 
alcohol III (ierinany made enormous strides, and, as a result of 
progress in the ( iiltivation of |K)tntocs, haiiests increased to an 
e\traoidinnr\ rlcgree. The iiU'reased production of alcohol 
was due not only to the larger \ields, but also to tin* cultivation 
of potatoes richer in start li and to iniproveinciiis m teehnolng,\ 

In .several 3 'ears uftiT 1HH7, the financial Niiceess of the distilleries 
was not great 'Fhe prici* fell by about M ]>er gallon, while the 
Konlimjrnl did not alTonl a sunieieiit substitiito for the reduction 
ill pru-e Moreover, the priccB of alcohol were regulated by the 
Hcrlin ('hamber of (^mimen*c in such a way that they were rehitivf‘ly 
lowr during months in which the alcohol was in the hands of the 
distiller, but they were raised as mm as the pnxluex‘rs hod diMjMised 
of the spirit The result was that the dealers and not the manu- 
faeturers enjoyed the greatest part of the jirofita. 

7. Co-operation in marhling.- It was sixui recognised that reliid 
would come only from the co-opc>rativc rlisposal of the aleohol 
profluccd. Vanous attempts in this din>ctiou were made, and a 
number of provincial sale associations were organised. It was, 
however, only with the thin! attempt that these efforts were crowned 
with BuecesB. 
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8 Ortjnniwtlion nf the (Unttul AmiCiation - -Tii 18011 tin* “ Socioty 
of («(>rtniiii Distillris for Uk' DispoMil (;f Ahohol ’’ ^\atj ostablishcd. 
TIiIm iikduilc'd priutiuiily all tho dintillorips TIuh urganisatioti 
iiiado a 4-oiitr.ai't for iiiiic years, siiico renewed for a further period 
of tiiiio years, wilh tlie “(Vntial Organisation for the Disposal of 
Alcohol,” which was also a new organisation including nearly all 
the rn'tilieis ol alcohol 'riii* Distillers’ SoeieU agreed to tuiii 
over to the Cent nil Association all their alcohol, and the, Ceiiti.il 
Association undertook to disfnise of the alcohol on the best teiiiis 
pohsihlc loi a ceilaiii niin|M‘nsalion jiriinarily foi tli(‘ leetiliiation 
of the spirit 'Die essential te.itiiie of this arrangeiiient was that 
the distillers wVre no longer at the disadvantage! of low prices at 
till* I line llicy wantisl to dispose of their product 
The Ccntial \ssociatioii troin the outset icgardcd the ini lease 
in demand as its prime object, and lor this pm pose the Tediimal 
Section of the Ccntial Assjwiatnm was ensiled The mam ohjeds 
of this sedioii were as follow, viz 

(a) To test and de\elo[i appaiatiis lor Inat, light, and powei 
{h) 'I’o establish shnes for the sale of mk h np[»aiiitiis 
(a) To start a liteiar\ cam|Migii foi the applnalion of ahohol 
to household needs 

(d) To send exhilnls to vaiious i-entres 
(i) To oigamse a retail liade in dcnaliiied ahohol ol the 
iei|uired strength and at a stable pine 
!l Sumusi of Ihv ('t ntnil AMtinalitin In IStMt, the i onsninplion 
of industrial alcohol was 2:C. million gallons, and b\ I'MNI n had 
increased to ;t!t million gallons The inciease would h.ive been 
greater had it not been for the ta« t that in l!HM 2 the development 
of industrial alcohol had to oveicome the seiious ohslai le of the 
removal of the distillation ta\ of iStta In spite of tin* im leased 
use of industrial alcohol, it became ilithcult to establish an eipii- 
libniim between jiroductioii and umsiiinplion bec.iuse of the 
enormous increase in the pnsliiction of potatoes 'I’he surjiliis of 
alcohol was increasing from year to yi*ar. 

Id Voluntaij/ rajulation of pmlucliun In 1902, the surplus 
exceeded 2(1 million gallons, with the n>sult that soim* means had 
to 1)0 found for the icgulation of production A sueeessfnl up{M*al 
was mado to the agricultural distillers, about 00 jkt cent of whom 
iignvd voliiiitarily to nshicc their outinit by alnnit IS per eent 
Tbo result was that the surplus carried over in the following year 
foil to about 8 million gallons The regulation of uultuit heneo- 
forth lioeame a staiuLird feature of the distilling industry. 

II. The potato the principal source of alcohol.- Of 64,860,000 
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wros of amhlo land in Germany. H.l.-iU.mH), «»r 12 i'» jut coni , Meru 
pLiiited with iMilalncs in llMil, while niily .‘l.0!K>,(MH) nen*s, or 
4 T.'i per luiit , weie devulcHi to ivreals The yield of {Kdatoes in 
huslieU of IW 111 per aere rose fnini la? .1 111 ISUli to 205 in 11KI7 
INitato ^rowiii}' forms one of the W‘st supports for lational methods 
of iiLtnenltiire, es[M‘i‘iall\ where eireiiin^tanres .irt‘ unfavoiirahle 
as in a larf^e pail of (iermaiix to the eiiltiv.ition of the siipir- 
heet In faet, thousands of airneiiltural iindeitakings in Germiinv 
owe tlieiJ e\istenee to the distdleiies 

In ItHlH ahout Cl, PHI a^iii iiltiiial ]ioliilo distilleiies were ill 
operation in ChTinan\, the prodiielion ot spirits frniii other Mount's 
III that loiintiy heinu insi;;nitM ant * 

Alcohol from sulphite liquor. Iljaiiie .lohnsen,' who* has eon 
suleietl tills ipi(‘slion from the jioint td view' ot Caiiailian imlustiv, 
LMVt s N Hill ealelllatioiis of the eost ot niuiiufaetiii ili^ aleoliol lioni 
siilpliit wasfi litjiior Tiiev lest n|NMi data ohlaiiied hy Hat^tfluiid 
on the ha'i'ol ojieiatioiis at tliK e lai^e pulp hit toiii'H in Seaiidiiiuvia. 
MHO L^dlolls heiiii' taki'ii as the ipiantitv ot liipioi leeovered ]m>i 
ton ot pulp \ssuniin^ lor Caiiadian eoiiditioiiK that th<‘ eOHta i>f 
pl.iiit, lahoiii, saliiiiis ami i<‘|iaiis an* .IH ]M‘r eeiit higher limn in 
S< aiitliiiavia. and allowing I.*) |N‘r eeiit foi ih'preeintion and inten'Rl, 
the total eost of one finpi iial gallon of uloohol (lOtt jier tent ) wurhs 
out at H22 dollai (11'/ ) lor a factory turiiin^r nut .‘KMAK) tonu of 
iiiilp, and (I, ‘12 dollar (U id ) for .1 smaller lailorv with oiiedhird 
of this output i!y another tah ulation, based ujion lnanufuulurlll^ 
expenses as estimated by Jjaiidniaik, the cost of pioduclioil works 
out to somewhat h''•s than the first lipiie jiaiiiel}, to 0 lit dollar 
(Hid ) ]ier liii|ieilal f'.llloii 

A M Uieiklei disuissea this ipieslion fioni the Anienian jioini 
of vKw, and adds some ^'enei.il inlormutioii also, in an artieJe on 
the (Inap prudintion of uholiol - The thief jimnt.s are - 

Fuel and water-.siijiply ait: iinpoitant eoiisideiiitioiiH Waste 
.sulphite liipior as i.onu-ntiated f<»r leniieiitation contaiiiH 4 per eeiit 
uf hexose. .sugars, eorres|Mindin)', in pructiee, with a yield of about 
2 2 fier lent tif aleohol The litmt of diatillatioii per (Uij ) gallon 
of SU per cent alcohol (vol.) from Hiith a liquid would be 120, OUH 
|{ Th U. under the best cunditiona, and would probably in praetieu 
appniach lS0,O(Nj 41 Th U. On this hasis, 10 to 14 Ih uf a good 
coal would be riMpiircil At a price of 3 ilollara per Ion fur coal, 
the cost of the di.still.itioii would be from 1 .i to 2 1 ucntM per gallon 
fii like manner, the cubt of dutilling 80 per cent alcohol from 

^ J. .S,jr. (Jhem. Ind., 87 , 131. 

> J. Ind. Eng. Chem, 1U17, 9. CU. 
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Horghiim containing 15 j)er cent, of Ik'xuhc siigarH, uould be 
from U 1 to 0 (> cent {icr gallon with coal at th(' same price. 

With sUn'h'Contaming niatcriulH, where the mash requires 
prelimiiiHry “ cooking,” the number of H Th as calculated for 
the distillation may bo multiplied by the factor 2o In a grain 
distillerv the fuel r(^|uin‘d for grinding, ]uiiiiping. etc , is about 
|N‘r cent of the total quantity used To (‘ondense J(M) gallons 
of W) per cent alcohol and cool it down to 85" K. (2!1" C). the 
ipiantitv of water rc([uin‘d will lange from !KN) gallons at r>r>" T. 
(IM" (1 i to 1250 gallons at 80" F (27“ C ) 

In general, nssuming a liquid as prepansi for fermentation to 
contain 10 ]M‘I cent, of fermentable matlei, lh(‘ following table 
shows the iim\ininni iM'rmissihle cost jicr piaind of h'nncntable 
niattiT for the iiroduclion of alcohol at any given cost tier ]>r()of 
gallon, allowing a jiehl of 85 |M*r cent (N It I'S “ |»rool 
50 per cent alcohol by volume, and l^S gallon OS.Tl Imperial 
gallon) 


MiIMIIIIIMI (Mist 
pel II) III 
liexd'ie, ci'iils 

lU 
1 2 
I I 
l.ll 
I N 
L'O 


Miiifiiiiiin cohI 
pel pi not gullnii 
oi iilenltol , 
mils 
tlA 
II 2 
121) 

112 



MaMouiin i ost 
pi‘i III III 
he\ime . lenU 

j j 

2 I 
2 II 
2 S 

:mi 


.Miniiiiiiiii rout 
pi I poinl giilldii 
III iilenlinl , 
eeill'i 
IS7 
20 ,» 

21 S 
2.1 :i 
21 I 


Thus ill evaininmg whether aleoiiol fiom potatcN's eoiild compete 
with gasoline (|K'lrol) as a motor fuel, siip[H).se the pnie of the 
gasoline to be '10 cents per gallon. Assuming that ahsohiti* alcohol 
and gasoline gi\e the same amount of ])ower per gallon, the eoht 
of the alcohol must hi* taken as 15 eeiits ])er pmtf gallon Then 
from tlie table, the raw iiiaternJ must eost not muro than L 7 cents 
]ier lb of fermentable innteriiil J’utiitiK's fur alcohol eoiitaiii 
20 ]ier cent of stareh = 22 2 ]>er cent of de.\tn>s(‘ ; so that the 
niAximiim allowable eost|MT lb. of pututiH's is 0 222 :: 1 7 --- 0118 
cent if the residue is not utilisi'd os a feediiig-stiilT. Or, reekoiimg 
0 1 cent per lb. of |K)tatoes for the value of the residue us n 
feeding-stuif, tho niaximuni that could bo paid for {jotatoes in this 
ease would bo 0 48 cent per lb , or 28 8 cents per bushel. The 
average farm valuo of jKitatoc's, liowever, was 61 4 cents ])er bushel 
during the nine years 1907-1915, and the'prico of gasoline pr 
gallon in 1917 was 20 cunts, not 30 ; so that according to thi*se 
calculations potatoes in the United States, just as in this country, 
do not proniiso to bo a suflicicntly cheap raw material of alcohol 
to compote with petrol as a fuel under present ooiqlitions. 



rn\rri:n iii 


Tin: nii'.MiMitv oi> nir Mxoiinis 


Toit n (‘OMipIch* iu-foiiiit tif ihi‘ iiii|Nirtiini oIjish (»f hfxlii'n tiTiiicd 
*' nli'olioN," iiii liiilinfr the pntnfH itf (licir ((nislitiilion, 

r.di'n’iicc iiiiisl III* iimdr t(t trxtd)iMikH of oiiriinu rhi‘iiii^lr\ It 
Moiilfl l)(‘ (he sropt* of tiu* jirrsciit woik to si‘t out fully 

tli(‘ KMviiH mIiu li kxl I IioiiiiMh to^ronp tofri'liu r n^ '' alcoholK ” 
Hiiliht.iiircfl so (lissiniiliir in iippixiiiinn* ns li^hl, iiiohilr uooii s]Mrit , 
lu>:u y f;l>(rro| , and solid, miiv liki' crndin Nonn tlif 
k'Hs, It \iill 1k‘ iLHcfiil and ronvi'iiioiit to lui\t‘ Iktc a Hiiinnuir\ of 
tlii‘ <'lii(‘f (lirniical faita mIik'Ii an* I'oniinon to the alcolioln an ii 
whole 

fn this (hajiter, tluTefoie, it is jiroposed hriei]\ to de.senlii' the 
cheiiiual eliaiaeleis wliieh diHtiii^iiish the uleohols as a dass, and 
iiioiu partienlarh ihe uhphatie, nionoh\drie uleoliolH The Hpeiiid 
jiiopeilii'h of etlivl aholiol. as also of its eoij^reners methyl, piopyl, 
hut\l, and ainvl aleohol.s, will he <lealt with in siiliHeipierit c liu|>tiTH 
Of'diimn akohol (eth\l iiletdiol, (IjllfitlH) h tlie best known 
ineinlier of a senes of neutral siihstaiiees. sonu* li(|i]id, of hers soliil, 
whieli enii he li Hiked u|ioii eheniieallv as denied fmin hxdroearhoiiH 
,\v the replaeeinent of one livdro^eii atom hy a hydnixd ttioup 
Thus eorrespoiidin^ with 


Methane, ('lf«, wo have (Ml, (til. ineth} I alcohol, 

Kthane, fjH,, „ ethyl 

IVopane, (',11^, „ Cjll, OH. pn>p\l 

fhitJiiie, C.'^llm, „ (* 4 H 2 0II, hulvl 

IVniano, ('gllji, „ OH, ain^l „ 


And so on ; the fiirt.hec meinlicrH of this Hones of alrolnils Udnf; 
■ designated liexyl, hcpt}J, oi tyl, etc , alcohols, according to the 
number of carbon atoms which they contain 
Classification.— Ah-xiluils aro classified us monohydric, 
dlhydrlc, trihydrlc, and polyhydric, amirding to whether one, two, 
three, or more hydroxyl groujis ant tirescnt in them Tims those 
ol the series represented above arc all inoriohydne aleoliols. Oljeol, 
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Iho formula of which is 02114(011)21 is an cxiiniplu of a dihyciric 
alcohol, aii<l glycerol, CjHsfOlDa. is a tnhwlne alcohol. In Uiia 
work, wc arc ccjin'criusl almost cxchisivelv with the inonohydric 
series 

A further distinction mio primary, secondary, and tertiary alcohols 
IS hiuseii upon dilTcicnccs of slriictiire When a carhon atom is 
linkisl to only one other (‘iirlion atom, it is termed inimaty. If 
linked to two olher.s, it is a xecnndfuy, and if to three, a tertiunj, 
carbon atom Now a piimary alcohol is oni' 111 which lh<* h\dro\\l 
group is aLt.'U‘hed to a pnmarv ciiihon atom ; whilst in a secondary 
or a tertiary alcohol the h\dro\\l gioiip is attached to a seiondarx 
or a tertiary hailion atom iespei-ti\elv \Mience it ffillows that 

1 Primary alcohols contain the group (Ml 2 ()ll KAample 

ClljCIl^dll^OII, /uopi/f ahuhtd 

2 Secondary alcohols contain the L^roiip X'll Oil l‘]\.implc 
(ill , (!ll(()|[)'(i|l ,, isninopijl tihM 

2 Tertiary alcohols contain the group (M)ll Kvamph' 


lljC 

llj(! OOll, to tun If i'iidmtift tiUnhvl 

11 , (! 

Methyl alcohol, (llfjOll, is .1 piimai^ ahohol (ont.iming onl,\ 
one carbon atom The gioup h in tliisiasc attached 

to a hydrogen atom 

Formulation. The aholiols can be looked iijion as dcii\cd 
from methyl alcohol, the simplest mcinlict ot the senes, 1\\ lephuing 
hydrogen of the UJIjgioiij) with \aijoiiH all}) gionp*^, llnis 


1 " 



,jll 

.J" 

,J" 

(J 

'^III 

' ‘ill 

‘ ‘ill 

loll 

>011 

>011 

OHjOlI 

('ll, CM, on 

('.JIsCIIjOII 

« lli>1 nlf’ohiil 

K(li\l nil laiiil. 

1 llll'olicl 


The name “ earbinol " wn.s jiioposed for nicth\l alcohol b\ Kolhc. 
As shown by the formula* above, elli}l alcohol can be dc.s»nbcd 
os “ inelli} I earbinol," propyl alcohol os “ elh} I raibinol," and so on. 

Jf 11 tivcoml hydrogiMi atom is n*place(l, we get a secondary 
alcohol - 


(J 


CH, 

Cll, 

II 

OH 


iMi|ini|nl filinliiil (Diiiii lltyl cnrl)inij.) 
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SiinihirJy, if nil dim' li\tIrogeii atonin orn rrpinrrd liy !ilk\l 
groups, tertiary alcohols result This iiu'IIuhI of fonnulation nnd 
this noiiiciiclaturc are often coiixeiiiviit 
Thu systematic iiniiicH, “ nictliniiol,'' “cthnnol," jiropiinol,'' 
and so on, hnvu also heen pio{josed for the luHlixl ctlixl. propxl. 
utr . alcohols They indicate the rclalionshi{>s with the corre- 
Hponding hydrncarhoiiH, nicthniio, ethnne, projxinc, etc , uhilsi 
(ho tirmiiuition ol" Hgnifios that tlio siihstuncos nro uIcoIioIh 
The position of the Oil group is indicated uhen nctcssary li\ n 
iiiiiiicr.d , dnis isoprop}! alcohol, ('ll, (' 11 ( 011 ) (’ll „ xvoiild he 
2 propanol 

Isomerism in the alcohols. Whilst only one mcdiU 
nliolini H possihic and only out- rtlixl aholiol, thi‘ rorniidic shoxx 
that t\xo propvl .d(oliois, fimr hiitxl, and (iLdil nnixl alcohols can 
cM-t In the last three cla'-sis, isinneiisiii max he piodmed (I) hy 
the Oil group taking up dilleieiil |Mtsitions in the moleeiile , ( 2 ) hy 
the luaiieiiing o| the caihon ehaiii , aii'i (’ 1 ) hx hoth these causes 
acting togi lliei 

Considti, till cNaiiiple, hiitxl alcohol, C^IfyOll The normal 
primary luimula ix - 

('ll,(’fl,('llj('II^OII (i) 

xvhio the i.iilton atonic aie iiiaikul 1 , 2 , ' 1 , nnd 1 lor i onvciiicm e 
of Htenrn* ln'•tead of hung adniheii In a leiniiiiul (urhon 

I 

•itoiii ('. ns '.loixxii, the Oil group iniLdit lie muted to one of the 

intmiicdiati' larhon atoms C or (' gixiiig in i ither ease the normal 
secondary aholiol, 

('II,(;il,('H((dl)t’ll, (II) 

I 

Or, till' group (if 2 (dl reniaimiig an slm^ui iii (i), the straight 

I 

carlion chain, ('llj (.'llq ('If, inn^ he n placed h> the liraiiehing 
sjsiein l.jj"* ' ('ll-, giving Isobutyl alcohol, 

((:n,)jCHOII,(>lI (iii) 

Finally, tlu- .straight ehain slioxin iii formula (ji), (' 11 ^ (.'Jl^ ('ll 

• (^'Ij / 

can 1)0 hkexxiso replaccil hy the braiiehiiig system ' C'' , giving 
the tertiary butyl alcohol, trimethyl carbinol. 

(C'H,),COH (iv) 

These, then, are the formuliie of the four {MMSihle hulyl aholiol-^ 

I 2 



lie 


ALCOHOL 


Til the Ranio way, it can bo uhown that eight different amyl 
nleohnU lire thcnrelically poHsible, and nil are known. The 
following table given |)artieulars of the uleuhols above referred to, 
and fiirthiT dencniitiona of the higher incmborH are included in a 
hiibyerjueiit chapter - 


N'/iiiio 

Forniiila 

Up. 

Sp ar at 
211 I" 

Methyl aloohol 

(;iL OH. 

lili ' 

0 700 

Ethyl alcohol 

Propyl alcohols, 

I'll, on, oM 

7k:i 

0 7H!Ur) 

N'oniiiil iirii|i}l 

rH.OH, ni.oH 

‘17 1 

0 SOU 

iHoiirrij^l . 

Butyl aloohols, 

Cdl.dH - 


KL>7 

0 7HH7 

N'nriitiil priniary 


111) M 

0 HOtIO 

„ Hi'coiiilniy 

!l'» 

0 HJ7 

I'tolHityl . . . 

Tniiiotliyl riiHiiiiiil 

Amyl aloohols, 

(ViiiOlI - 

(OH,), -oil ('ll, oil 

IDS 1 

0 K(I20 

(Oil,), V OH. 

h;i T) 

(m p. L>r> r.) 

0 77SS 

III .‘10 

N'nnnal piiuinry 

(•if,(('ir,), (11,011 

i:i7 

0 Hills 

iHdbiityl cArlMiiiil 
SfcdiKUiry bulyl curb 

((il, ),('!! ('ll, ('ll, OH 

I.H 1 

0 Slot 

llUil . . 

Methyl propyl rurh 

l'll,('ll((',lf,) ('ll, OH 

I2S7 

OHIO 

mol 

.Mot liyl is< iprnp) 1 carb- 

(•if,(('ii,),('H(oH)c’ii, 

IlS.'i 

0 H2 1 III 0 

mol 

(CH,), ('11(11(011) ('ll, 
('|H,('II(0I1)(',H, 

Mjr) 

0 m .. 

Diothyl (iirbiiiol 
Dmiolli}! ethyl otiib 

Ma:> 

os;t2 „ 

iiiui 

'roitiiiry butyl caib 

((■ir,),((oii)(',ii, 

102 :* 

0H27 „ 

mol 

(('ii,),('('ii,oir 

112 

(III p 4S .'lO) 

0 srj 


General methode for preparing^ alcohols. 

Alcohols are produced in various ehenikal reactions, the chief of 
which are described lieUiw Tt will, of course, be understood that 
these methods are adduced, primarily, as exemplifying the chemical 
nttrilmtcs of alcohols generally, not us processes for the commercial 
preparation of the particular alcohol employi'd ns illustration 

(I) When an alkyl iodide (e.^, ethyl iodide) is brought into 
contact with freslily-prccipitatcd, moist silver oxide, the substances 
react, producing an alcohol and silver iodide 

CjHjl -h AgOH = C,Hj OH h Agl. 

Here the silver oxide and the water present together react like 
silver hydroxide, as shown in the equation. 

A similar conversion i.s I'ffiH'tiHl by healing tlio, alky 1 loilide with 
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IcNul ii\i( 1 r nr vine nxiilo and wator, and rvoii \nOi l•\tehs of nutiT 
ali)iii‘ at UK) Or tiii‘ lodidi' tiia\ lirat U‘ i'oii%i>[U‘d into thv ntrn*- 
HjhiiidiiiK licetiiU' (rtliyl acotatu in tlw oxainplo given) by liratiiig 
it with pottusaiiiiii ueclato : — 

CUy t (IIl3(‘0,K = CH,C0„(Vrj } KI. 

Klhyl iiciaiiii' 

(Ktliyl tti'otiG 

On then livdioUniiig (ho eater by liuiling it with a Hoiutioii of 
stMliiiin hydroxide, it is transformed into the ahohol and Hodium 
aeelate 

(!I1,('0,(',II, 1 NaOH (’HjOO.Nii | (VJ 5 OH 

'I'o elTnt (liih li\diol\His, the ellivl nietati* ia boiled 'with an 
i\ii» of mnIiiiim livdroxide Nointion in a llaak eoiineeti‘d with a 
M'lliix eoiideiiser until the (oiiversioii i.s eoniplele, ns kIiowii by lhi‘ 
eveiitii.il dis,i|i|ieaniiiee of the imdissolviKl ])ortion id the iieetate 
'rile (ondeiiser is then ri'versed, and the reaulting aleohol diatilled 
oil 

(2) An (ssentialh similar renetion to the foregoing ih one bv 
wiiitli elhvi uhohol inn b<‘ obtained from ethvi Hiiljihiine aeid, 
(\liJI.SO, On distilling tliia aeid with water, it yielda aleohol 
and ,siil|jhiirie aeid 

«<>: 11,','*"“ I- II, <J W/’IJ,',' I <Vls-'»ll 

This re, let ion i.s of both theoretieiil im|iortanee and hiMoiieal 
intiii'sl Kilivl .siilpliiirie aeid (Niilphovnue neiil, hydrogen elh ,0 
sulphate) eaii be obtained bv (he iiiteraetion of etli^leiie with 
Milphiiiie aeid, and etlivlene itself in obtainable from aietvlene, 
whiih ui turn ean be svnthe.si.sed fnmi itn elemiiitH earbori and 
hulrogen Thus the serien of reaetioriN forms a method wheieby 
ahohol itsi'lf I an be synthesiHed Thw method, in fuel, was the 
one bv whieh. starling with ethylene, aleohol wuk lirNl hyiillietieully 
jirodiieed (lleiinell, 1828; and later, hy Uerthelot, lHo 4 ) 

Other uiisaturatf'd hydrocarbons liUHideH cth}lene (e g.^ jiropyleiie) 
furnish the coiresponding Niilphatrs and alcohols in a Kiniilrir 
maimer Soine (e g , isobutykmo) are even di.sHulved hy dilute 
oitrie arid, and yield the corresponding alcoholH on absorbing the 
Glcmeiits of water. * 

(3) . Primary amines, when treated with nitrous arid, yield 
alcohols, with elimination of nitrogen - 

d HNO, = C|H, OH 4 N* 4 H,0 

Etliylainino. Ethyl slcoliul. 
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A coiivrtiiciit. iiiotliod of sliowing this reaction is to dititil a 
Holiition of ctliylnniine li\drocliloi'idc witli ])otaKi!)iijrn nitrite, which 
supplies the nitious ncui hy interaction witli the llCl of the ethyl- 
iiiniiie Halt. 

(4). A1deh\de.s, acid ehlorides, and ncid anhydrides may ho 
reduced by Hodium, soihuin anmlgnin, iron lilingfl, nr zinc dust, 
employed with dilute sulphuric aeui or aietie aeid, and \ield the 
eorw'spnnding alcohols - 

(a) (VIsOliO-l 11, (UljUllat^II.OIl 

Pmjijl nlilr>hyil( Propyl ulcoliul. 

‘ (ft) (dfjt’tHii I-2II, -(‘ii,ni,t)ii I liol 

t.\« < lyi ( liloiiili . iOlliyl iili'oliol 

.(O 2H,.- {\M,on i-('i(,ro()N 

Acefir aiiliydinli* Ml ii^ I iilcoliol Accl ir iii nl 

Tlieoielieally, this reaction is iiiiporlant ns one of (he steps hy 
which w'c can “aseiMid the senes” of alcohols, passinc fnun one 
alcohol to another eontaining more earhon ntoiris 
Thus starting with methyl alcohol, hy mtiiig ii|)on it with 
phospluirus and umIiiic w'e obtain ineth,\l kmIkIc 'I’his tre.itr>d 
with jiolassium cyanide gives methyl e\airule. which on h,\drol\sis 
mcMs acetic aiad Hy means of jiluNphoiiis (hloridi* or o\\* 
(hloridc, acetic luid can he converted into acct\l chhtridi', which, 
icdiiccd as show'll in cipiatioii (ft) aho\c, gives ctliU aholiol 
iSimilarly, cth}1 alcohol itself can he tianslonniMl into pmpyl 
alcohol, and so on 'rim foregoing si-ncs of rcactmns may ho 
summarised thus - 

CllTnll . (‘ig (Ml, coon 

Mitlnl .U'tlivl Afvii,; 

uli’diinl. loctidi . (vmiiilo iirid 

(ui,m'i "• ► ciijCiijtui 

A<rl^\l rhliiiidc KUt>l ulcrdiDl 

Whilst the ahlchvdos, acid chlorides, and anhydiidcs give ptimaftf 
.dcoliols when nsliu'i-d as above, the nshiotion of ketones yields 
mcmultna alcohols, together with lU-Uitinrif alcohols or " pmniones.” 
'Ihus when aeettuie is reduced with sodium amalgam the chief 
product is isopropyl alcohol, hut pinacone is also produced . — 


Ais'luiw. Isnpropyl ntcoliol 

2 ((’!l,),(:c) h H, 

Pinardiir. 


The pinacone is a solid (in p. 42*’, as the crystallised hydrate). 
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(o) iSH‘uii(]ar\ alcttliiils an* also olit.iiiicii li\ loiivcrtinf; poly- 
liydiir .ilcoliiils (( tj . into the imiidrs witli ])liOH|ihi)rus Ulld 

iiNlira', ihr loiiido Luain; tlirii Uaiihfoiiim! into tiir alculiol a^ in 
riMi'tioii (1), rt/i/f - 


(Mf.OH 


(Ml, 

(Mfoll 

■" . ('ill 

j 

' (’ll (HI 

1 

(nr. OH 

ni. 

1 

(’ll. 



l'.>l'l<»|ivl liiill.l' 

1 OPO'IW 1 III' iill'll 


I'lir ]ii<‘|i.(riiii: till kmIiiIi .llll•)r|)ill•ns pliovjiliniiis in llir ]>iopor 
tioM Ilf 20 L'l.ini", anil loiliiu Ni) LTaiiiH. an* n'<ii| lor 1(H) m.Linii of 
anli\ilii>u> !:1\iiiii1 llir |lll•l'>|l1lllllls Imiiil* ailrii iI uiaiiniilK to (In* 
iitlirr iM'/ii ilii Ills, ami llu iiii\lnii‘ iIi'IiHmI in a .slow dirrcnt of 
I arlion ilioMili' L!a^ \\ ith half (lii‘ wi lulit ol loilini and ii.'>ini; U'llow 
lihii'lilioni- (In* "aim* o|Miilion Mi'ld-> dl\l lodidi* .’i'^ tlio iniiin 
)iri)dm'( \ll(‘T 11.(1 iM l> (III* •.dMiiiii iiiiN III* diliilrd wjlh an 
<i|ii.il Miliiiiio of w till .mil di'.lillid with l.'iO ui.iiii'. of lodini* and 
2S ^rraiii'i of M'llow |lho•.|l||l.|n•^, addrd ifi.nlinlly, Tlir lii.sl. poition 
of llii> di^lill.ilo 1 -^ ii'liiiiiMi to tin* irtoit and ir distillid .\drni\('d 
.di\l h'didi' iiiav III iMno\rd fioin (In* iso|Moj»\l jodidi liy (n^atinp 
till' nii\id imlidiH willi Indiiodir and 
((). 'I'wo Miilalilr '•Midi' III im'tlioih ol old.iinuiii .'soi ondaiy and 
! ili.ii\ .dioliols ,itr a\.iilal»li‘ di |H ndniL' n|ion tin* uh(* ol alk\l 
('oin|iiinnds of /iiir .iiid iiiaLMii oiiini irs|Hili\iK 'I'ln* Inal waa 
oriL'in.illy disi nla'd li\ IfntliTow' flS(it) l»\ nn‘.ms of /am' iin Ihyl 
and /anc i'IIinI .‘lohni! on (lie and ililondi'^, tertiary alcolmla nn* 
|irodu('cd , wilh .ddrli\di-- oi witli istu*- of formic and instead of 
acid ililoiidi'i. secondary alcolmK ir^ult 

'lake, for 1 \ain|ilc, (In* N\ritln'-n of tntian liul\l alcohol li\ 
ButliTow's niitliiMl Acctvl (liloiidc, ('If, t'OCI, if, ilroppcd hlowly 
into well cooled 7 ine iiiclli\l The mixtnie 1 m allowed to stand two 
or three da^s in the irdd iiiitll tin* whole ha.s heniine crystalline, 
when It Is dieoinpiMd hv addiiiL' water \iildinii the rer|ii]red 
alcohol Tln'ie are thn e staires in the rein 1 ion Fii'-t, on** molecule 
of the rifle nicth\’l eoinhincs with one inolenile of the eldorido to* 
form an additive produit - 

• CM, 

(l|f,(X)(1 • ZnfCIldz ■ f’llaf* f»Znf;ila. 

(’1 


If this pifxluet N decom|HHerl hy adiliiii; water at (hia ata^e, it 
yiohK ueetoiie, not an aleohol. But if a second molecule of zinc 
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iTK'llivI in ulicnu-il to rnu't uilli tlic nru riHiijMiund, it prarliinlly 
n‘|>lar<H tlic Cl atriMi with a (•lij-^roui), giving tho iTvstullinu 

rnrii|Miuri(l CfIgC ()Zn(!ff3 

V\\, 

On iiovi In'iitiiig till* priKluct with wutrr. it ih (Iccdiiifioscd, the 
Irrliary iilroh(»l iN'iiig |inNlii('<]il, log(‘thiT with zinc hydroxide and 
iiictJiiini' ' • 

CII, (‘II3 

OirjCOZnCHa | 2 H.() -dljC Oil i Zii(OII), j CH* 
(Ml, ‘ "cn, 

* T< rtinry hiil}l iili'olml 

At till' s('((»iid Hlagc it ia iNisHihlc to I'lnploy 11 diflm'iit xinr 
alkyl for cMiiiiitlc, yiiir I'lh^l iiiMcad of zinc incthvi 'riic Cl 
atom would (hen he icpliurd hy 11 (*^ 11 , 'group, and the liiial product 
w'ould he the lerliury amyl uleohol, (Clljljj (\OU) C^ll^^ / r . 
dimethyl etlisl eurhiiiol 

If, however, iddeliyrleh nn* iisimI iiiHtead of ii'eid ehlorideH, muudanj 
aleohols reaiilt * 


(Mf,(MlO I Zn(C,lli), 


f'll (111 

Aililltivr pKitlut'l 


l)eeoinpoM*d with water, this prodiiet vii'lds seeoiidarv hiitvl 
aleoliol, (Mlj (Ml J together with ziiie hvdroxidi* and (‘tlivleiie 

Am already nieiitioiied, aeeoiidary aleoholn are alao ohtained hy 
using foriiin* ai-id esters with zinc nlkvls The reactions are quite 
hirnilar to the Inregoiiig. an adiiitive piodiiet of the zine alk>l 
with the ester heirig torimsl, which fields the nhohol on di'i oinpivsi- 
(1011 with water When zinc luethvl, for iiistaiiee, miets with 
cthvl formate, two methyl groups arc eventually introduced, and 
Liopropvl alcohol ohtami'd 


O 

•(HVU 

KlhvI foiiniili' 


,0 ZiiCHj 
► IKV Cll, 
‘•'VI, 

IhI pllMluct 


At ZnfMlj 

\:n, 

2nd mlditixo 
pnHliicl 


^011 

ii<'(('ii, 

Nil, 

Jwiprojivl 

hU'oIiuI 


Instead of the zinc alkyl, a iiuxturc of alkyl iiKlide and iiK'tallic 
zinc can be employed. By uduig differi'iil alkyl ioUidea or different 
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Eiiic ulkyirt ill tlii' lirst iukI mh'iiiuI kIajcok. difTrrriil n]k\I ^nmjiN i'hii 
iiitrYMliiiTil, niid diffiToiit alenliolfi obtiiiiiril ns tlu* n'siiltiiig 
pnHlucIs 

It uill Ik* Mi'll tlint nil tlii'M* syiilhm'n I)\ nii'tiiiH of ziiu- nlk\ 1 s 
(Jr|H‘ii(l u|ioii tlu* fart tlint tlio floiibly-liiikiHl ox.t^rii nloni in tlir 
und diloniii', nlilcliydr, and ost/r, n‘sj)oi‘tivt*l\', lircoinivs wiiKly- 
liiikrd, uitli rvriitiinl foriiintion of tlir alroholic lijidnixyl Knmp 
(7) Secondary and tertiary iik'oliola nrr liouoxrr, inon> con- 
vrniriitly olitaiiird in many iiistanri'rt liy tlir iim* of (inpiard'H 
ri'.ijii'iit Tim ii |in'|inr(il l>y nddiii)! ma|;n('Kiiiin tiiriiin^H to an 
I'tlnTi'nl Miliilioii of an alk\l iiNlidi.' or hroiiiidr. onr niolrriik' of 
till' alk\l (‘om|)oiiiid Ih'iiii; iiM'd for rnrli atoin of niapirhiiiin Tlio 
nu'tid foiiiii ii (' 011111111.111011 \titli till' alk\l li.ilidi' and iIihkoIvi'H hi 
till' I'tliiT TIiiim \Mtli i'tlixl lodido ui' olitnin an idlim'nl solution 
of (\I 1 :^M^ 1 . I’tlixl ni.iKni"-iiiiii loilidr 

Tlii'i M'.K !'> with .ildi li>di‘s and krtoiu'H to foiin additixc firodiirtH, 
xxlihli aii< dii'oiii|ioM'd on tnvitnii-nt with uatrr, xii'ldinji' wrondary 
and tcrtiarv alcoli*ils miHi-tivcly TIiiih xxith nirtaldrliydo : -- 

('ll, Clio I cjljMi!l ciliCll; Il'i'f' 

V a'U 

\Mi lnd<‘, Xdililni' j>r(Miii('( 

And on diMOi]jpo,sinK with u.itrr 

JCIIjCII , Jl-'i'fl' i 211,0 2CII,(:il(OII)C,ll. ! .Mj?l, I M^(OII), 

Scpiuiilniy iilriiliiil 

111 prartii'i'. .n idilird watiT is iisr<] . tliia dkiolvcs tlir iiia^iirsinni 
hxilroxid*’ |iio<lu('i'd. 

SiiiiilarK, hy iisinu nirtlid niafiiii'siiiin loiiidi' and ari'tonr we can 
obtain the trrtiary laitU ahohol, triiriHli)! carbiiiol ‘ 

(CII,),C0 ((;n,),c{JIj‘'*‘' 

A(.i'ti>iii AiMitiii' priNliA'i 

And with water ■— 

I 2H,0- 2(CH,),C(()J1) I MkI, I M|-(0tl), 

Tniiiptliyl carbiiKil. 

In an analof^oiia manner, CHtem react with ttiv mohi-iilcH of the 
niAgnesiiini alkyl halide to form, in general, tertiary aleoholn 
Formic acid eatorai huw'cver, yield sccondaty alcuhola. 
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Conversion of primary alcohols into secondary 
and tertiary alcohols. -On (iiHtilliUinri witli dc^liydniting 

agcntH, c(j , Hulphuric acid or yJnc (‘Jilnri(i(‘, [)iitnary ulcoliols liavo 
the 1‘lciiocnts of water removed and yield unaalurated hydro- 
earhoriH : - 

CHaOlfjOir.Olf - ir ,0 -- OHaCIliCHj 

J*i (i|i> I filuohol I'liipyli'iif 

On treating llm hydnM'urhoii with eoiieeut rated hydriodie, arid, 
the iodine atom attaeheH ilKplf to the tarhon having least hwirogen, 
fonning a secondary iodide 

•otr,riini 2 i-m oii.ciiioii, 

* i'inpyinie lsu|ilo|ivl iiiiliiln 

When the lodidi' m tn^atiHl with iiioiMt silver o\ide, I lie iodine 
iiloni IS replaced hy a h\dro\\1 gionp aeeordiiii; to the gmeial 
method (I), aliovc, tluis \ic1ding a secondary alcohol 


(Jii.cmdia 1 AgOH -(;n,(!ii(()H)(Mi,-i Agi 

|sO|i|i)|>\l Jilciilinl 

If, instead of starting with plop^l alcohol, we Jiad laKeii isohnl\l 
alcohol, wlih'h eontiiins the piiinai\ gioiip ■ OIL Oil iiniled to a 

.oecondarv radical J,!!' 'Oil , the resulting pnuhiel would liii\e 
t tl i/ 

been a tertiary alcohol . — 


I 1 13 

Isubiih 1 nlculuil 


► ^ 0 (’ll 

laohiit;^ Iciie 

/iij 

Toil nil \ butyl 
hkIh'o 


Ti>rtiiir,\ biitvl 
fdcohiil 


Distinction of primary, secondary, and tertiary 
alcohols from one another, -(i) TF the alcohols are 
distilled with ])hosphonid and iodine, the eorresiioiulnig iodides 
aro formed 


acvT^oir f.i> I r, = 3C3K3I -I- iijPO,, 

Hlb>l iiHl^dr 

The iodides, on heating with silver nitrite, an* converted into 
the nitroso-derivatires : — 


C,HJ -f- AgNO, = C,H,NO, + Agl, 

NitroeUiane 
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Now ihr pihnarif iiitio L'ni)i|>i)iitu 1 s. vlion iin\p(l i\i(h potA.s»iiiin 
iiitnlo in strong ]K)taN<iiiin li\(lral(' solution i:i\c ii ihvfi n'll culoiir 
on tli(‘ addition of stiong sulplinric and The .ncoiulanf iiilm- 
coinpoiinds irivc a d.iik blue ooloiir. and thr tirfitnif urid iiu colour 
flcncc thi'sc reactions hcr\o to distinpiisli thi' threu classoa of 
ali'ohoI<< 

( 2 ) When the \.ipoiii of thi' .ilcoliol'i n paKsnl <»\cr liiicK divided 
eop|)cr 111 .lied to .*tlN) piitn>in/ alcohols ,ire di‘conipos(‘d iiilo 
livdroopii and .ildeh\d«s, si rowdiri 7 aliohoU <>ive hsdropii mid 
Ivctones, .Mill htliintf aleolioU \ield watiT ami niixatiir.iti'd h\dni- 
1 .uhoiis ' 

The .ippar.itijs oniploM'd foi this ri'aition ioiiMf>ls of a hard 
el.iss (iihr.ihoiit 2 S im lies liHiir and \ an im h in di.iincti r, (fintaiiiiiii' 
,1 l.ner of finch dixnlcd <fi|)pi‘r 21 imlies lon^ The loppcr im 
piepnied lioin powdcicd coppi'i iixide hy rediiition in a 1 iirtclit 
of ilr\ h\ dron'd! at liiM)' To oiir end ol the tiihc is attached a 
hcnl «.ipill.ir\ to till \citieal p.it( of ulmh i^ lived h\ inc.ins of 
.1 coiK .1 )iicce of i;liiNs tuhiriL' ahoiit 3 imhiM lon^' and \ an inch 111 
di.iineh I The ofher end of the h.iid yl.iss luhc m coiinciti'd with 
,( receisd nhnh iMonlcd h\ a niixtiiicot he and salt A .space 
of I or '• iiK lies ncvl (he i.ipillaiv is kept flic fioni copper, so that 
(he all oho| III, IS hi‘ s,i|toiiscd hcfoic loiiiinL' into lonl.iit \Mlli the 
Ini' Iv di\ iiImI iihtal To iciriilide the tcnipciatiiic, it is found 
onscnitiif to Use a csliiidiKal an hath ahoiit 2f> iiu lies in lciif';lh, 
svilh tsso sill, ill lioN's on thi‘ top .ihoiit 12 niches iifiart. (arr^iiiifr 
1 sso Ihcnnoincicis 

When the tiihc has altaiiicd a tciii|M laliire of a small 

ipMiilils (2 or 3 c c ] of the ahohol to he evaiiiincd is jioiired into 
the slioil, sside tiihi’ »onncct<'d ssitli the capill.iiv, IhroiiKh which 
the liipiid shissls (lows into the he.itcd tiihe and is vajioriMcrl The 
v.ipoiir, wJiich contains sume nniilteicd ahohol, condi'iises in the 
milled receiver To a few dro|)s of this distillati' 11 Mohition of 
in.ii;eiita. rleeoloiised by Miilpliur dioxide, ih added wiien a red 
eoloratiori iiidiiiites the preseiiee of an aldehyde and sIiowh that 
the ahohol is n priiii<ir\ one If no nil colour iipjieiirB. a Holiiiion, 
mnlainnii! 1 (rrain of sciniearba/ide and 1 Rram of potaHHium 
a<etatf to d re. of w.iter, is added to a ,serond portion of the 
distillate A white precipitate formed at om i . or only after Rome 
time, hIiow's the preM*rice of a ketone Finally, an unsaturated 
hydrocarbon can he detected by it^ pow'er of decoloriHinK bromine 
(3) Another Rpneral method for distinguishing lietwccn the three 

* SHlmln-r ami Si'iiili n-nb, TtiiU Stir rhim., I'KI’i, 83, 2^3, and G. B. Neavo, 
Atuilynt, 19utf. 81 3t0- 
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olaHM'S of aIciiIioIm Ik nfT(»nl(‘(] liy oxidation Prinunf/ alcoliols 
will'll oxidiw'il yii'ld lirst tlio corrosjMindmg aMrhi/dr, two atoms of 
liydroKcn liciiii' rcrnoviHl fnim tlin ^roup -('HgOH, leaving tho 
clianu'U'riHlie aldehyde group -ClfO ; then by further oxidation 

^'\Oll' ' 

istie group of organic oeidH Secowltmj ah'ohols give kaUmcH on 
oxidation, two hydmgen atoms Ixdng removal fnun the group 

formation of tlio ketone group “CO Tertiary 


aleoliols when oxidised do not give the eorreH|M>ndmg ueidn, alde- 
hydes, or ketiiries, but are deeom{)OHed, Mitli the produetion ot acids 
having iv smaller iiumlier of eurbon atoms than vieix' present in the 
original alcohols 

Ah oxidising agetits, |iotnhsium ehroimile or dichromatc with 
Hiilpliurie acid an' cm])loyed ; or potassium permanganate in iieid 
or in alkaline solution ; or hydiogen ]>eroxide m ai id solution, 
according to eireiimstanees 

(4) According to an observation of h Wacker,' jinmary aliohols 
may bo distinguished from sec'ondnry and t<*rtiury alcohols hy the 
strong nnl coloration which the primary compounds gi\e with 
phenylhydrazine sulplionu' acid 

(Vntmonnal soliitioiiH of the alcohols are piepari'd, and 1(1 or 
2(1 ee of each an' diluted to 1(M) cc with water in a evhnder A 
solution of pheiiylhydrazino Hiilphonie ucid in dilute sodium 
hydnixide is prepared, eontuiniiig (1 4 gram ot the acid ]n r e i* , 
this solution should lx* used (piitc fresh One e e is added to each 
cylinder, followed immediately by 20 cc of sodium hydnixiih' 
solution per cent ), and the cylinders an* shaken every liftcen 
minutes during the first two to three hours to dci eloj) tlie coloration 
The eoloiirs aro host coin|Nin*d after seven to eight luairs A 
“ lilurik ” test with water is made at the siiinu time Only the 
primary alcohols show intense colorations, the others will he found 
to diJTer but little from the blank " 

General properties of the alcohols. -WinUt the 
alcohols, as already stated, are neutral hmlies, they have home. 
TOHoinbhince to bases on tho one hand, and to acids on the other 
Thus they react with acids to form esters^ or ethereal salts, ejg , 
0'N0|, ethyl nitrate ; also tho alkali metals n'act with the ' 
alcohols, giving tho alooholates, for example G^HgONa, sodiuiii 
alcoholato or othylatc. In tho first cose, tho hydrogen atom of 


> Btr., 1009, 42 , 2076; Absfc. Analyst, 1009, 84 , 410. 
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the OIf-j;n«iij luis been n^plaei^d li\ an neiil riulieal, in the Heeond 
by 11 mettil. 

Tilt! ()H-^ou]i itself ran lu* rt'iilaei*!! by biihi^t'iis, ninst readilx 
by usinp the haloj^eii eDniiKnimls of iihosphorus 


Olf -}- ]\% U,lVn I- I- IJOl 


In the eiiae of the loduh's, pho.sphorii'i and loiline ean be used 
instead of tin* ])ho.s]ihoniK iodide, ns alreadi shituii in eoniieelioii 
iMlIi the disliiietion of tin* piimary. Mroiidar\, and tertiary aleuhols 
fioni line another 

The boiliiif' plants of the iioriiial aleohols iiierease reKiilarly i\ilb 
the increase of the inoloetilar Heights, the dilTerMice for eaih 
increment of (41j in the foniiiiiii bem^ about 2tt us i\e jiass from 
etliU alcoiiol upwards 


Xiiitit*. 

Fiirinulii 

H 

MHinl idfiliol 

('11,1)11 

lilt 

Klh\l 

CjlliOH 

7H 

ri(i|ivi 

(',11.011 

')7 

Miiui 

i'«ll|Oli 

117 

Amyl „ 

(',1111 ON 

1 7 

Hevyl 

('J1,,OI| 
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The primary alcohoK boil at a higher teni|)<Tatui(‘ than the 
secondiiri alcoliols that are isoiiiein with thiln Similarly, thi* 
latter ha\e higher boiliim points tliiin their teitiar} isonieiides 
(K\, piimaiN liut^il alcohol, bji 117 , secondar\ biitO alcohol, 
It |) ]<Hr , teitiar;^ but;yl alcohol, b p K!) ) 

As reitaid.s obxioiis pni|N*rties, the lower ah-ohols, from niethvi 
to biit\l, are mobile hipiiils the mtermediiite members are of a 
more VISCOUS, <m1\ i harai ter (fusel ’* lal '} , and the higher alcohols 
eontamiiiir twelve c.irbon atoms and upwards, are solids at the 
ordinary teniperaliire (dodeeat\l alcohol, ('j^ll,;^ Oil, melts at 
24") r|i to and iiuhKlmK the jirop,\l alcohols, the} iiie iiiisiible 
with water in all proportions The but}l alcohols are only paitly 
miscible w'llh water, and from the um}l luembers iijiwards the 
Noliibility dmimishes rapidly. All the alcohols are eolourlesH or 
4i^htly \ellow , the lower luenibeis have a eharacteristie spiritunus 
srncll, the intermediato ones are iinpleiiMint, and the solid iileohuls 
on* islourless and tasti-Iess They are nil lighter than w'aU*r The 
higher alcohols diroinjsiM*, on distillation, into water and hydro- 
carbons. 



cinri'Kii IV 

MKTII\I. MX'OIIOL: ITS \M> j‘Kommi-'£ 

Methyl ajcohol (MHlianol). (,113 OH. Molecular Weight :(2 (iit 
• 1'Im‘ lujiiid ohl.'iinrd h^v diNliUmg \^()fid wu'i sliowri l>\ lloxlr iii 
( 111 * Scrptu'fil dfupmMl, irs far bnik as llio si‘\(‘id(‘riit]i (-(‘idiirx, to 
niiiliiiii liolli ail and (‘uiislitiinil and .1 nnittal, iiiflaniiii.iltir ImmI\ 
'I'liLs lUMitivil liijiiid naild la* w^jiaratrd from tli(‘ |>M‘(»li^m(‘oiis and 
liy distillation ovor liiinilc’oralK Krorii ita nnitnil or ‘ iiuliffiTnit 
^•haraf■t^*^, lIovU' toniinl it " ntlmphonmH Hpnif.” lii llm caiU 
part of tiu* iiiiK'tmitli <‘i'iitiir\ various ilinnists invest i;;atrd tins 
apirit, and .showed tliat it dillered fniin ordmarv aleohol, inasmiuh 
as it did not )ield Niilpliiiiie ether (etli,\l ethei) wJien hisilnl 
with siilphurie aeid (Tavlor, 1SI2; M.iuiiie and Mareet, lS2t, 
Omelin, 182!), Iilehl^^ I8.‘)2) The name "imdhvl aleohol'* wa'n 
^iveii to the eompouiul hy ihiimiH and JVligot, who m Js:H made 
the (irat careful aludv of it, and |ioinled nut the analojiv eMstmi; 
between it and ordmarv aleohuP 
Occurrence in nature. Meth>l alcohol i.s found m 

a large inimlaT ot ])Iants, ehielly as metlivl esleis, c ij , metbvl 
salievlate, nnthranilate, and eiiiiianiate, whieli are constituents of 
vanoiKs esKcntuil oils Notably, iiiellivl salicvliite occiiih :i.s tlie 
glucoside gauljlieiin in oil of winteigrceii from (ItiMnm /jki- 
riimhvHA, and 111 the bark of the .sweet bnch, livfulu hnla. .Methvl 
autiiranilat(‘ is pie.s<‘nt in oil of iieroh, oil of orange, oil of ]a<«imne, 
oil of ganleiiia, and oil of bergamot Metlivl cmnamute is found in 
the oil obtained from .‘l/piinrr mttlaccensis, and in wartaru oil, 
probabi} from the m'cds of hjaries of Xunthuylum ; whilst metlivl 
benxvNite occurs in oil of clovea and in vlang-ylaiig oil 
Production.- Kor eommercial purposes nieth>l alcohol is 
obtained chiefly from the products of wood* which has been sub- 
mitted to dry dlslillat ion, or treated w ith hot pnidiicer-gns Alnuwt 
any himl wood may be euiployi'd for the di.st illation. The Hprcie.s 
generally used are Ihhh'Ii, birch, maple, oak, and thorn : in iliia 

> Amu Vhym PAv". 1S3S. 68. r>, ls3l>, 61. 1!»3. 

I3» 
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country, the thorn la ns one of the lust for the puriMwc, 

tliouL'h it IS not. uh\nys ubtuiriiilih* in Huilh'ienl ((Uantily Vmnaho, 
a h\ -priMluct of lus'f snj;ar nmiiulartun‘. h also ii souriv of inctinl 

nli'diidl 

A \soo(l-(Iistilliii(r lll(lu^tl\ of i‘oiiM(li‘rul)lc inu^nitiidc Iiiih lurii 
ilr\rl(i|M‘il in tlu- I’nitcd Stati-'s ]n Cannfla. uiul Anstriilm uIho, 
the indiLstry is a I'lowin^ one , ami an iin|M)rtaiit (|iiniility of >ioo(l 
spii.l, ninoiiritiiii' in IIMIT H to alioiit til iiiillioii kilos, is pnuiiuril 
111 Aiistru-lluiiuai V ami (H'riii.in\ in this country ilic iiuliistry 
is on a smaller scale 

In the rinlisl States the Mood used is thoioiifrhlv seiisoiied for 
one or two ^e.lls I'.sualK it is di\cs(ed of its liark.'aiid cut into 

00 iiK li leiiutlis The destimtne distillation is carnet^ Out in 
lar^e iron retorts at a tetii|M-iAtiireof 1(H) to.'MK)**!'’ (2(H'*to2(iU'(' ) 
T)i<s(‘ retorts are nsualh made of steel, and are pniM'deil uitli 
onlld tiihes aiiont l.'i iiieiies in diameter The rctorta are aet in 
(Kills in hill kuork and batteries of from 2 to 2(1 (lairs are eommoii. 
The \v«M»d IS fed tlirnii^h the dtior. and carefiillv Mucked mi as 

1 oiii|)li'te l\ to till tin letoil , or in Mime lase.s the Mood in loaded 
Intel sUm‘ 1 ears ami these run iiitei the* ri'tojt fn the Iniger Morkn, 
the* le toils aie* « oiisli wet<*d of biiik, .iiiel are* of fiO eoiils en])ueity 
The \ are* (iieiMeli el with he‘a\\ lion desirs, Mhii'h are' tightly closed 
aftei tile* ehaiunig h i oni(ile*t(‘d, iiiiel the* letoits are then h(*nt(*d 
bom be'leiM uitli binning Moeid, (*oal, or I'bare'oal, .siijipleiiiciilcd by 
l.ir oil anel gas eibt.inie*el as b\-()r(M]iif*ts of the iiidiiMr\ Natural 
gas Is also iise*el as the* tuel in .some eases 

The* gaseoii.s ]ii m lints eif the di.stillation aie piiMsed tlimiigli 
e niili'iisi'is An\ g.ise*s not eemeli’jised arc n'tiiriii'd and biiiimd 
iinde*i the* re*teirt.s 

The eondciiscd (irodiuth are run into tanks, in mIiicIi the* tar 
s(*ttli*s out ; Mhilst the “ )i> rohgiieoii.s aeid," lontaiiiing acetic aeul. 
meth\l aleeiliol, ace'teiiie idl\l ah*ohol, f*t<* , fiFrin.s the ii(i|H*r luy(‘r 
'I'lu* ])y ml Igneous aeid is a. dark ivel-broMii Injiiiel Mith a pediliar 
eiii|)Meunialic odour, il is u.sed to a liiintisl (*\te*nt in niakiiig an 
impure acetate of mm ( black mm lujiior but is usually tn-ateii 
te> si*[)arate the metliyl ah-ohol, a<*etone, and ae»*tii* acid It I'emtninH 
about 4 f)(*r cent of nictliU alcohol ' 

The Sf'iKiralion i*' elTe^ete*d by fractional flistilliition To n*eov(*r 
tile a(*ctie aeid, the vapours am (Kiswd into milk of lime, Mheitdiy 
“ gn*y acetate of lime ” is (iroeliicfsl Alteniativeh , the ]j\ roligncous 
acid may be; neiitraliseel Mith lime la-forc distillmg «»n the methyl 
aleejliol [Jsiially three stills of about 2, .’>00 gallems eapat'ily eaeli 
> BadlcTVille*, J. Ind En,j dheii*., 1013, 5, 704. 
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an: employod, and fn)tii them arc nbtainKl diHtillati*.s containing 
In, 42, and 82 p4T cent of wood alcohol rcHpertively The last 
product -82 |mt (‘cnt wood spirit^till contaiiiH acetone, in varying 
amount, ns well fiH other substances. 

Tile proecN.sc.s may l)e shown diagranimatii'ally os follows : — 


Dot'll hy 
wiMle 
lient 


WinnI. — Dratniclively ilistilli'il 


I ^ 

( 'liHrcoiil Fmt dwt 1 1 lute 


I 

Tiir 


I 


PyniliKiMNiiH Hcid 

I 

4 


KeiliNtillei] III II 
rnppor hIiII or 
111 ki'ttle'i 


NiHitriiliM'd uilli 

lllllf iUlll 
rcilislilli-il 


— <iniv lU'i'tiitii 

lu{Uor. 

Only ncf'tiite nf lime 


4 

Dilute (TUI li' — 
hoikI iil(‘eliiil 


('rude niMxl iil('i>lii)l 
(HJ", ’riiillfx) 


No deeoni]M>silion oreiirH below ItiO'’ during llu* di.stillalion 
Hotween KMI" and 275", the ])\roligneou8 iicid in formt'd , about 
275®, the yield of gaseous pnaliicts biM'omes w'ell marked , between 
350® and 450®, litiuid and solid hydnicarbons are formed , and abo\ e 
450® little change ixTurs 

The crude wimkI aleoliul obtained is generall,\ sent to a centrally- 
located rcliiiery in tank-cars, iron ilrums, or barrels, for piinliealion 
and riH'lilieation. This is accomplished by further distillation from 
lime or caustic soda, with siHMnal methods for removing acetone, as 
duHcnbed below. The final product ordinarily obtained is coni- 
nicrcial wood alcohol (wood spirit, wood naphtha), which is usually 
sold at 1)5 })er cent, strength (Tralles), but which may contain from 
li) to 20 iicr cent, of acetone and varying proportions of other 
impurities. A more higlily-n'clilied and n'lined product containing 
1)7 to 98 por cent of actual methyl alcohol is also obtained , this 
is sold uiiiler various trade names, such as “ Columbian Spirits." 
" Colonial Spirits," “ Manhattan Spirits.” In Canada, a similar 
pnxlaet is know'n ns “ Gri*en Wood Spirits ” and " Standard \Vix)d 
Spirits " 

During the yeor 1909 there were distilled in the United States 
1,150,000 cords of hanl woods such as beech, biivh, and maple ; and 
llO.OtX) cords of yellow pine, fir, and other soft woods From the 
hanl wtxxls, the chief products obtained were, per cord of wood 



.1^ lAniii^lliobin^^^ m 

niarrcd . * 4«l binlioh. 

Tnidu wixkI aliiiliol . 7 4 finlliiiiH 

(In‘y aiitl browii iuvtal4‘s . i;il 2 lb. 

(Mainly iirplMto of Iiiim> ) 

TIu* soft wiMxIa limidcH rhnn‘oiil, HiirHy turprntiAr iuirf 

wimnI tiir Th(\v an* <if niori' vahic for tho |>nHiiirtion of tlioHf 
than AH A Hotirco <if uood alcohol anti acetic acid 

KiKurca for the ndativc ykdda ohtainoH from ihfTcn'nt kinda of 
wtKnl ill rahoratorv tcalH liairo liecn given by Hawley and Palmer.* 
For the thm* linnl winmIs comiiioiiTy iiaed on a large hcuIc for 
(li'it illation iir the Tiiitcd Stutint tlie uxerage naiillH were ah follows 
(I) K\.iir«‘MHcil art ]MT(rnitag>' of the dry weight of wood. 
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(2) K\|ircrtrted in terms of coniiiiercial priKluctH and n'fcrred to 
the liiuiirt of a cord (tMl eh ft) of air-dricil wihhI (15 jht cent of 
iiiobturc) 

(tiilliiiisiif Lb of ruK iiirii 
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Methyl alcohol i.s aIho obtaiiusl aa a by product in the manu- 
facture of wotkI pulp In the aulphatc pioccsH for ** cany lileaching " 
pulp, about 13 kiloH of methyl alcohol arc fornu'd int 1,(MN) kilnn 
of eelluloar*, and a part of thi.s alcohol ih n'covcrisl by condciiHing 
the vatmurs discharged frriin the digcMterH at jircsHim^ between 
10 and 4 atinoHphcn-s Thia ia a fairly purr alcohol, containing 
only about 0 5 jmt cent of acetone. A furtber quantity, of Ichh 
pure Hpirit, ia obtained fnnii the vapoum iNUwing at prcoHiin^H below 
4 atmoaplicrea, ami from the evaiioration of the lye In the RitUT- 
Kellncr aiilphitc ]irocisu, 8 to 10 kiloa of methyl alcohol arc formed 
per ton of ccHuIohc * 

Methyl alcohol can alao be obtained from the “ black liquor ” 
yielded in the digcRtion of wood by the “ ooda-pulp ” procetw,^ 
and from waste oapartq liqiiora * 

' KiglUh Int. Cong Appl. Clwm, 1912; (AUt.) J. Soc. Chem. Ind., 1912. 
SI. 805. 

* BergHtHDin, Paptfr/ahnknnt, 1912, |Q, 077. 

■ White and Kmc (AImI.). J. Soc. Vhtm Ind, 1917. 18, ;183 

* Lawienoe, ibid. 
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R6Ctificatioil. In Kf'noml. \\v inin Sii\ tliiit fnnn KN) parlt 
(»f air-(Iri('(l uniMl an* nlitaiiitNl li\ distillation l!.") to 27 paitM of 
clian-oal, and 4.*i to •'iO ]uirU of ]i\n)lit!nronh li(|iior. or " mido 
\\(hmI vinr^ai " This last roiitams aluait (> to 8 piT irnt of ncolio 
acid and .'{ to 4 per ci'iit of im‘tli>l alcohol, with a little acetone and 
ahtait 7 jH-r cent of tarr\ matter In small pioportions, then* 
an' piescnt aKo esters (mainly meth\l inetate). higher ketones. 
all\l iihohol, pyridine, and amiiicM 

\aiioiis nwtluKls of ohtainin^ purilied inetinl aliohol from the 
lii|iior .lie em|iloM‘d, one priMi'-ss liein|{ to distil it and pa.ss the 
dl^tlllatl‘ lliroiii!h \cssris (oiilaiiiin}; hot milk of lime, which retains 
tlit‘ .lu'tic .icid, till' \apours of riH'thxl ahohol and acetone passing 
on to lie fr.n Ilona tell and coiidciiscil The distillate h apiin 
let tilled, then diluted mixed with 2 or li pel cent of milk of lime, 
and \en hIciwK distilli'd The Inst tuiminus now contain nmeh 
ai clone, .nid the ‘ tailinus " im hide ketones of lii|{her hoilinf; point, 
whilst the middle fraitioiis are *ippro\iiniiteh pine inetli\l alcohol 
ami water 

Kinther pniitieatioii h efT(*<t<'d h\ le distillation from lime or 
eaiisiie «od.i and tmallx fioiii a little sulplnirie and to renioxe 
oiir.iiiu' h,i’»<'. 

ttvidisin^ .l^(llt^ and tiltration thioii^h diaiMial are other ni(‘(ins 
Miiiii Mines emploM'd in the piiiilieatioii .\n\ small (jiiantit;^ of 
I ctoiie -till ii‘iiiannii^ imi} he lemoxed h\ passing dr^ ehlornie 
into ihi* Isalm^ aleoliol which is then sepnraled h\ fiaelioiiation 
fnmi the In^'her hoilmi; (lilonnated inetom'. and piiiified from 
ehlornie h\ le distillation o\<r lime llleaelnnt! powilei is also 
Used for the ienio\al of aietone. it (on\eitH the latter into 
chloroform 

(hi a sm.dler scale, piinlhntion of iiiethd aleoliol ma\ he elTeetid 
hy miMiit; it with nnlivrlnais ealeium chloride, with which it foiiiis 
a ( r\ st.illme < omisaind This t an he separated, freed from aeetone 
h\ heatlnL^ and then deeomiNiMed by diMtillntion with water 
('heiimally pun* imtliyl ah'oliol is ohtaini’d by flceomposin^ the 
oxalate, .'uetate, formate, or other meth}! ester with alkalis, or 
with water alone For example Tlie impure aliohol is difti'sted 
with .solid scmIiiiiii liydnixide in the projairtioii of IM) Krams of the 
latter to ]()() ee of tlie^former, and then distillerl Five hundred 
grams rif oxalic acid are niixixl with 200 e e. of Niilphiirie acid, and 
4 (K) e e of the distillefl alrxihol added ; the inixtun* is then heated 
on the water-bath, and the eryatala of methyl oxalate w)ii(‘h form 
an* i«>|ittratr<l, dried bv pressure hetwe<*n fi]tfT-|Mk|N‘r, and li^dml^Mxl 
by heating with water at 70 '" The alcohol is then diatilled olf and 

K 2 
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AIj«)HOI. 


CHEAP. 


rU'liydrniod with iMiriiiiti oxirlts calciuiii oxiclr, and anhydrous 
r o[ip(T Hiilphatr * 

" Ahs(iliit(‘ ” nicth>l alcohol Ih 1h.>hI obtained by treating the 
strong pure HpiritNix'eessively with fn‘Hhly ignited lime and recently- 
heated potaHsiiini earlxaiate, lea\ing it in contact with the latter 
for aoine weeks, and then diatilling it aeveral times from metallic 
ealeiiini 

PrOpe^ti6S.--T^lre methyl alcohol ia a mobile, colourless 
li(|iiid whieli has a faint spiritiiouH odour, and burim with a pale 
blue [lame It is iniHcibh' with water in all jiroportimis, and alan 
vvitli etli,\1 alcohol, and with ether The boiling iHnnt has iKim 
variously giv^n , some of the diaurejaineicM an* jirobably due to 
the pi‘es(‘uce of aeetoiio in the spirit The value that has been 
most generally neeeptiMl is (id" at normal jiresHiire ; but nceordmg 
to .1 (iiyr^ the bp is (14 56'' at 760 mm , and Fuchs'' gnes it as 
65 06” at 710 mm , ranging up to 68 (Ml iit 700 mui Th<‘ welling 
point of the solidified alcohol is -tf4 0' (Ijadenburg and Krugel) 
Tlie Mpertjir grantf/ of iiudliyl alcohol is 0 8100 at 0 /d”, anil 0 7(8147 
atl5''/iri'. 

Mivturi's of methyl alcohol and w'uter ha\c nenriy, but not ijuile. 
the same H|X'ei(ic gravities us eorrespoudiiig mixtures of ethyl 
alcohol and water. For certain pro|K>rtions the dilTi^ri'Uce is 
siibstauti«d, as will bn seen from thn following table 

IVn'itnlngo hy vtiliinii'i. 


S|i (;r III 
i.-iiri.irt’ 

M'Mhyl iiU'iiliiil 

I'ilhvl lllcolinl 

0 9743 

20 

21 7 

(KJIIJl 

;mi 

:i2 7 

0fl|K7 

10 

41 0 

0 

ao 

r>o 1 

(19147 

60 

.'>•1 ( 

0 HOIII 

70 

08 7 

0 8(170 

HO 

78 H 


The gmitest iblTcn'iice is shown by mixtures the sjiecifii! gravities 
of which an* iihout 0 062 to OOOi'l Fth}l alcohol mi\tun‘s at 
these specitic gravities contain 2 7 per cent, more alrohol than 
methyl alcohol mixtun's at tho same aiHicific gravities 
Kf'iice, although for n])proxiinato purjioKcs the ordinary tables 
of (ethyl) alcoholic stri'iigtli can be used with iiu'thyl alcohol 
mixturos, for exact w'ork the 8|xx’ial methyl alcohol tables sliould 
In> employed The following are publisluxl by tho Bunrau of 
Standards, Washington (Circular No. 19). 

1 Dittiiisr iind Fawnitt, Tran#. Roy. Soc Bdin.f 188S, 33, riU9. 

> Her , 1»08, 41 . 4322. 

■ ZintHch. Chein^ INQS, 871. 
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> J. Bust. Pkyti. Chem. Soe., 1000, 41, 977-990. 
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'I'lio vapour pressure and heat of vaporisation of inciliyl alroliot 
ut \.irioiiH t(‘iii|P‘ratur(‘s up to tin* iiititiil |H>iiit iin' nIiowii hi tliu 
follow mu tubli* (Nliuhti v ulilin'\i.itrd) diit* to S Young ' 
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234 

53U3U 

7015 

230 

55024 

61-66 

238 

.57.576 

rK)22 

238 5 

08329 

44 23 

‘J39 

58741 

— 

239 5 

50145 


240 • 

50660 

0 


Cnlii’Rl tein|i. 

The speolHe heat of methyl alcohol at tempt^raiures from 18' 
to 100'’ is 0*6581 (Doroschewsky) Thin invcatigator has also dctcr- 

> SaefU. Prop. Boy. Dublut Soc. 1N.B.J, 1010, 12, 440. 
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iiiiiiod (lie Npccitic liisits of iiii\liin>h of nirtli\I alcohol and water 
over the riijijri- IH ’ to HM)'",* the icMilts Iwiiip aa follows — 


I'rr III 


lllcdliul 

Surntic 

liy uci(>ht 

lii'iit 

IHMIl 

0 7200 

so (Ml 

K 0 7744 

(iM 9!l 

0 H2H7 

00 (i;( 

0 NOHil 

111 tIH 

0 0102 

to no 

0 0.742 

:io 02 

O0H71 

2 1 1IH 

1 OIMIt 

'20 IK) 

1 (M)‘2I 

l.'iOl 

1 000.7 

in 01 

I out 

.‘i 00 

1 00K.7 

0 (Ml (unit r) 

1 IHlOO 


The viscosity of methyl alcohol .it 20' is ()(»o:)!172. at 2:1 , 
(1 (Nloti t , and at 45 , 0 fN)424 Th(‘ molecular magnetic rotation 

IS Id tip 

(IxidiHin^ iif'ents convert inelhvl alcohol into fonnaldeinde and 
then int(» formic acid, and ultimately ninler certain conditions into 
carbon dioxide and water Kxamples of each of these reactions 
ai\' described in Oliap VI in connection with the estimation ot 
nu'thyl alcohol 

WIm'ii heated with soda-lime, nu'tlul alcohol \iclds sodium 
formate ■ • 

(MljOlf I NaOII IlCOOXa | 211;. 

In certain crystalline compounds, ini'th,\l alcohol liiiu lions as 
alcohol of crystallisation The most noteworthy is the (‘ombina- 
tioii with calcium chloiule, (’a(’lj,4(Ml4(), which iT\stalhsi*s in 
hexagonal plates, and is obtaiiusl by the direct union of the alcohol 
and the calcium salt Utluuin chloride and magnesium chloride 
supply other examples of such combinations Magnesium itself 
dissolves in warm methyl alcohol, giving the methoxide in crystals 
which eontuin 3 molecules of the alcohol Bainiin oxide is dis- 
solved by methyl alcohol to give the cr;vstulhne coinpoiiiid 
Ba0.2CH^0,2H,0. 

Eloctrolysis. — On electmlysmg methyl alcohol in iKpKMais 
sulphuric acid, hydrogen is evolved, and oxidation products aro 
formed. These consist of methyl formate, iitethylal, methyl acetate, 
acetic acid, and methyl sulphuric acid, with a little (‘arbon dioxide 
and carbon monoxide Under special eoiiditions, formaldehyde is 
pnalueed 

* J Runs Phyn Chftn Oes , 1 «M)!I, 41 , UfiH , Chem ZeiUr , 1910, 1. 160 

* LVrkiii, Tniiu Chem StK , 1902, 81, 17H. 
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In Aqueous solution, on addition of potassium .leetate, melluinr 
and |M)tasiiuiii methyl eiirhonati* are pnalueed, iin well as the 
earhon oxides 

Kleetrohsed without a s(»l\eiit either aloiw m with the iiddituui 
of A lit le alkali, iueth\I aleohol \ie!ds i-hiell^ earhon dii»\ide. 
together with iiinnoMde, owpm. and h\diii^'rn In ]»resenei‘ of 
alkiili, earhohiite of the latter formed 

Catalytic decomposition. Whim met In I iilenhol \ujmiui 

is |Mlss -d o\ei lediieed eopfMT at H teiil|H‘iatuie of iihoiil litKt 
it Is decomposed into formaldelnde and Indittueii (Saliatier and 
Sendereiis) At hi^iher tenipeiatu'e><. the formiddeh\de is paitU 
destioyed. earlKin nionoxide hem;! pHsImeil Tints, aei'urdiii;! 
to Miimiuh and (ieilmaim ’ at 2ttt 2tili the e\o|\cd pis eoiitains 
Id to 12 pel (ent of (arhoii monoviilf eoiiespondm;; with the 
del om|)osition of ahoiit one M'Venth ol the pninaiily foimed 
formaldehyde V larp- pio|NMtion of the latter is |K»l\mensed to 
mellul formate 

With rediiied nieki’l as eatal\st m the place of topper. Sahatiei 
and Sendereiis fo ind that tlie ai tioii is mon* Moleiit and takes plaie 
at a lowei teinpeiature hut paituil fleeom|M)sition of the iddelndi* 
laiinot he a\oided Ih diieed < ohalt acts siniilailv to niekel 
Platmuui s|lon^e also ilTeits the deeom|M>sition ol the aleohol, 
hut at a hii'her tein|M-r.ituii ■ 

Till' lat.dvtie decomposition of meth\l aholiol is of ( onsiileruhle 
teihiiieal impoitanee in the ]irodii<tion ol formaldeh\de Kediieed 
copper, platinised asbestos, and sil\ered piii/e oi puniiie an* 
eoinmonly used as the eataksts l‘'ormaldeh\de itself is larKely 
used 111 the dyeing industr\. in miikin;! lertain iiiedieiiial prodiiets 
(hf'xaniine), and in the maniifaetuie ol s^nthetii* resiiiH (I akehte) 

If methyl alcohol i.s heated in ahstme of air m a \esHel pro\ided 
with a H'lhix eondeiiser. hv means of a platinum or nickel win* 
electrically heated to ahout 7tNl , h\dn)p‘n and eaihon nionoxiiie 
with traccH of dioxide an* p\eii off, anil forninhlehydr* is loiinil in 
the reaction \esHel If ammonia is dissoKeil in the methyl alcohol, 
the formahh*h\de is converted into hexamethylenetetramine^ A 
mixtun* of methyl ahohol xiifKiur and air yudda formaldehydr* 
when expoHi'd to auiilight, though not when kept in tin* dark at 
the onlinary ti'mjieratup*, and only traeea nt ItHt''* 
Applications. - -.Mc‘thy I aleohol linda important applir ations in 
the manufaeture of mc<li(*inal and photographic ehemieaU and of 

1 //ir . laio. 49. riHl > rPH’t . 19113, 136. 921 

> Zntm-h KltUrochem , 1912. 18, K47 
« II U Cibljd, rhil J .Sci., 1912, 7. ri7. 
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ilycNliiflH It in urii|ilovo(l both ah a Holvnii -aw, for oxainplr, in 
tlio pn'piimlion of “ Salvartmii uiid as a iii(‘ariH of introducing 
nictliyl groiijw into a oompctund For latter purpose, it is 
usually (‘iiifiloyed in the form of a salt or ester, e tj , meth\l Hulj)hate, 
chloride, iialidc, or picrate. Methyl anilint'S are largely used in 
the pn'paralioii of certain dyestuffs Methyl salicylate, or synthetic 
oil of wiiitergreen, is of some importance in medicine, and is also 
cni|iloye<l as n constituent of flavourings Various methyl esters 
an* used in perfumery, as, for instance, ineth}! benzoate (Niohe 
essence), methyl aiithranilate, methyl einnamate, and methyl 
heta-na|)lithoUte (nerolin) 

In its less* pun* forms as wood spirit or wood naphtha, ii)eth>l 
alcohol is largi'ly used as a solvent for resins in the varnish industry, 
and it finds an ini|K)rtant application in the denaturing of ethyl 
alcohol used in inanufactures. 

Wood naphtha.- ('* Wood f^pirit This IS crude methyl 
alcohol, containing water and various impuriti(*s, chii'ily acetono 
and esters. The amount of these im|)uriiH‘s allowed to remain 
in till) \arious grades of woimI spirit dep(*nds upon tlie pur[>ose for 
which the spirit is rei|uired For exunijile, in the making of 
formaldehyde, and also in the colour industry, it is important to 
have the methyl alcohol nearly free from iici‘tonc , wlicicas tlicru 
is 110 objection to a miKlernte proportion of acetone in wood naphtha 
usi'd us a dciinturuiit of ctli>l alcohol, and its presence is e\eii 
advantageous in wimhI naphtha employed ns a solvent fur resins 
in making vaniislies, jmlislies, and InequerH 

For a description of tlio analytical inethiKls useil in cxamiiung 
wood iiaphiha, and fur typical analyses, see Chap Vflf 
Toxic character of methyl alcohol. - .A numher of 
observations have been recorded tending to show that methyl 
alcohol is distinctly more poisonous than its etliyl honiologuc This 
toxic charactiT has been ascribed to the oxidation of the inelli>l 
alcohol ill the tissues to fonnaldehyde, which, as is w'ell known, has 
a strong chomieal action on nitrogenous organic substances Or 
again, it has been attributed also to the further oxidation-pnxluct 
formic acid, which appears in the urine in eases of meth}l alcohol 
poisoning, and has bcun found in the cadaver after death ; this 
acid is said to cause fatty degeneration .of the blood-vessels in 
the slieaths of the optic nerve and choroid membrane, leading to 
serious affection of the eyesight ‘ 

As regards instances of actual poisoning through drinking methyl 
alcohol in quantity, the best known is perhaps the Berlin case which 
> KaaoBs. ZtiUr. Bioehm. HiopAy*., 16 , m. 



" i? METHYL AliwHOLsIthpRODUCTrONAimPIlOPlBHTIISS U1 

occumHl in 191 1 A factitimis “ brandy ” or solinapps " had Ixvii 
conoucUfl \iitlL riicthxl and idfoliola iii the jimiMirtioii of about 
4 parts of the former tt» I part of the latter, niid drunk by a large 
number of ])e«iple. with tlie reaiilt that there wviv ‘Jo l ases of illness 
and 7ft deaths ‘ Another iiistanei' is n'oorded, aith the Hyinptoins, 
by Dr (‘ A. VVocmI as cKciiiring in Indiann during IIHl 

Five men made a mixtun* of one gallon of wood ideohol and 
three gallons of grain (eth}l) ideohol. and all drank froi'ly of it, 
with fatal results blindness enine on iiliont six to eight hours 
before death * 

Aeeordiiig to observations made by Nii*1ouk and I’liieet,*'' lingr 
intra\enous doses of metli\l aleohol iin* rt>lntui‘l^\ le^s toxie than 
etlnl alcohol, but in nja'iited Hiiiall iloses exery taeiitx -four 
boui^ the reverse is the eiisi* Tins apiasirs to be due to the 
eiimulatue I'lTei t obtained siiiee nutliyl aleohol is eliminated more 
slottlx and w less readilx destroxed in the tissues, than is ethyl 
alcohol 

'riie latter |iheriomenon is ilhistratiKl by some exiKTimenla on 
dogs lairied out by VoltK .ind Dietiieh * It wna found that after 
admiMHlratKUi of methvl ahohol (2 ee ]N‘r kilo of borly xi'eight), 
<inlx :i9 |H>i < (‘lit xxas oxidised in the tiHsues during forty-eight hours 
On the other hand, xihen ethyl nholiol xxas gixeii under similar 
eoiiditioiis, about tM) piT (‘ent of the aleohol ana oxidisisl and 
de.stio>(d III th(‘ tissues during a niueli HhortiT time, namely, liftecn 
hours 

Xunierons nderemes to papers on tlio toxicology of methyl 
aleohol are given bv K Alerek ® I'lie eont liisioiis HiiinniHrisod 
“show that iiietlixl ah-iihol itself, whi‘n habitually used, or xilieii 
tak«‘n in u single large dose, may act as a poison, and that “ the 
toxicity iH not due to tin* prewmee of impurities in the prejiaration." 
Some pi^rsons an* able to take large doM‘s of methyl aleohol without 
appart*nt harm It is, however, impossible to say bt‘foreliand liow 
larg(‘ a dose will slioxx an iiijunous elTe< t Areonling to one investi' 
gator (Uiilile), the lethal dose vanes bid ween 69 and 1 01) grams. 

“ but the toxie dose is much leas, and hliudness may ensue after 
doses of only 7 or 8 grams. 

Olix'ari* found that with pure methyl alcohol the minimal lethal 
dose for small animals (guinea-pigs, mice, frogs) was alx>ut 10 grams 
per kilogram of liody wVight, the dose ranging from 0 6 t<i 11 '6 in 
the thrc>e animals mentioned 

^ Zntsch. Nnhr. und Oennwn., 1912, 24 . 7. 

■ Blindnesf /rvm ll’ood AlmhiJ, jiub Aiiioncon Hod. Aswe. 

* J. Pkgnol Ptah.^ 14, '.no. * Hutehem 1912,. 40, 10 

» Annual Reitori;' 1912. • Vhfm. Zentr., 1013, 1, 1799. 
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Knrvi. ITS ocnjRiiKX4‘i: ani> pfiysicvi. piiopkktiks 

Ethyl alcohol (Klham>l). (VI J)|{ Mol Wt 41)05 
Occurrence of alcohol in natural products. Kt h.\ I 

iiiioliol IS |irrsrnt in a inimlMT of planls, cJiU'lly coiMliiiicii uitli 
orij.iMic .‘iculs to lonii tin* ^•tIlyl osIith of tlioso uchIs Tims ctlixJ 
sicotalf IS l■olItnllU‘(l III till* llowi'w of MatjHoItti fu.scfttn ctlij 
1)111 \ rati* m tlm oil from the fniils ol Iltfurlnim t/ujnnh-um nm\ 
II ftpfiontlijfium , ptlivl valerate prolml»l\ oeeiirs iii Alt'eriati oil 
of rue, am 1 ethyl liima mate w pnwnt in hi|iiiil storav from 
Lviuiilnmlmr oncnUdiM ami m tin* oil from KtUMpfcuti fjaluHtin 
This last. oil eontains also the eth\l ester ot p metho\\( mnamie 
aehl , whilst eth,\l esters of hexoie, iK'toie. deioie, lauric. palmitii*, 
and oleic aeids .m* pn'sent in the jiiiee from the fiiiils of the 
saw pidmetto (*SV/W wnulata) 

<\‘rlam lichens also contain the eth\l esters ot \aiioiis acids 
for these and otlu'rs mentiomsi, see th<* lefereiiees compiled 1)\ the 
late IVof Meldola • 

The alcohol itsi'lf is found in main distillates obtained In dis 
tilling; plants or parts of plants with water, hut m most eases it 
IS iirohahlv priHliieerl partly or wholU from the cstcis hy h\dn)Ksis 
diirmp th<‘ distillation Thus the aipieoiis distillates from the fruits 
of llimrleum sp , ot /Wiimmr .vn/im. and of Aulhn/truA nrrfuhum 
eontain ethyl alcohol, as also do those fmin the oil of the leines of 
IntUgoJfHi ynhtiiHtivs, from oil of stora.x, and from ^rass and leaves 
which lime heeii macerated in ver\ rlihite sulphuric acid The 
foreriinnin^rs ohtiiim'd in the distillation of oil of KncnUjiUm tjUMm 
likewise eontjiin eth)I alcohol 

In the distillate fmm rose leav(*s aieohol is found, hut is perhaps 
dun to fermentation of enrlM)hydrat(‘s, not to its production h} the 
livint^ IM'tals 

Aeeonlin^r to Derthelot, however, alcohol is formed in the tissues 
of certain ^rowin^ plants, cj/, wheat and hazel It is prislueod 
111 the eell.s of pUnks fmm carbohydrates by what h.w been called 

* ‘'1lu> Uliciiiiuil SyiithcBiH of Vital l‘ruducta," p. lA. 

14.> 
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■* iritriM-flliiKir riNp r.itKin ‘ when tin* li.ivi* an inNiilK<>icri1 
RU|)|)I,\ of 

Hi*M(h*s lln* trill* \i‘:iht*» {S*ifrh‘irntaift'f'i hj> ) i>llii*r rcliiti'd ini(‘nt 
fun};i, and l•(>r(alll inoiildH and iMclma. .iiv i of ])r()dllllll^ 

nlcnhiil from MJjiarh and otlwr (ar1)oli\diatr*> .S|H*urs of Turula 
MifrufUrtmi, Murm Muinlin, mul , tfaciUns 

arnh hirtici It (tfninliruK It mli It Siirfluim 

htctUnA tut\loit(tHUf(, and Anif/hJmhi hult/hnim air anion>; tin* 

(if tlii"t(' alroho|-])r4Hln( in^ mpini'tiiH A Imif: li*<t of iho \ra!«t*i 
and th(‘s(‘ (illici fcrinriit'i is f;i\i‘ii li\ .MrJdola ' 

AccordiiiL' to in\rMti;;.itions (aiiird out li\ A \\ MinriikolT.’^ 
alioholic friiiicnt.itioii lan lakr pl.icr in tin* hi^dii*!* plants, liolli 
iindci arroliii- and aiiai'roluc nuiditions and is diii><tl\ irlatcd to 
till* \ital a(li\it,\ ol till' plant oiLraiii*'iii. piiliciilailv to itspouth 
In tii(' prcsciici* of oxxL^^n, tlir loriiiation ot aKoliol ih iiii‘r(‘aM‘d 
will'll (Tiowtli IS ri'taidi'd citlici li\ lii^li oi low tciiipiTaliiri's. or li^\ 
rliariL'i's in osinotu piossmc dii* to dishohrd oipiiiit or iiior^aini' 
siilislaiK'i's Koiiiialion of acid diiiiiriisiK s with iricn'.isin;; {irodiic 
tion ot iilcoliol, and cc.is^'s I'niuplctch hcforc tlic filant dies When 
the ret.iidatioii ot ^'lowth at a iiiaxiniiiiii the ratio ot enrhon 
dioNide to .diohol appioaehes that ohsrr\ed in pine alcoliolic 
fenueiitation AImtks* ot owtfen pronioles the fi iinentation, 
owiiiL' to tin L'lowtli of the plant lieint' inhiliiled 

Properties of ethyl alcohol. Aiih\diou.s cih\ 1 ah ohoi is 

a nioliile coloiiilrss lii|iiid po-st ssnifr.i ^huht hiif api eahlesfiiMtiioiiH 
odour and .t pun;:eii1 taste and hiiriiiii)* with a [lale lilue, non 
luiiiiiioiis llaiiir 

Boiling point. This was tomid h\ Kop|i * to he 7K t', and 
hv Meiidelei If 7S .1 at 7tHt iniii pressuie Kiiehh * ^ives it as 
raiiKin^ from 7d .1(i at 7l(t mm to 7!t.1l at 7!Nt mm 

H W Merimi.in' t!i\es the IoIIowiml' as the hoilin^ points ol eth\l 
alcohol at iiresniirc'i li'om oil to 2lNNt mm 
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Pnmniro 


Prpfnure 


in Him. 

Hp. 

ni iiini 

B.p. 

II.'M) 

74 :i9= 

l,:i(H) 

92 52“ 

7iM) 

75 24 

1,400 

94 58 

7(10 

7H ;io 

1,500 

96 53 

MNI 

79 «l 

• l,«00 

U8:f7 

<KH) 

H‘j on 

1,700 

10012 

l.fNlO 

55 12 

l.H(M) 

101 78 

I.IMO 

H7 Uli 

1,000 

iu:i>37 

l.l'OO 

00-32 

3J)00 

104 HU 

Acninling to 

Wrobh'UHki 

and OlHcwski,' the solidifying point 

(if 4>tliU ulrdlio] is 130 3'' , but a Inlcr dotoniiination by Ijadenbiirg 

and Krugcl* giveo tho valiio 

ii2:r. 


Vapour pressure. 

Mcrriinan gives the 

' vajMiiir ))r(‘HHiin'8 

At varioiiH tfinp«‘mt(iroH up 

to 25" and bctwi'cn O'* and 105'' as 

fcillouH . -- 
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f. Temp^iUum fmin 0 ' lo 2.") 



l*n«wun‘ 


On-HMiiri* 

'IViiiji 

III nun 

'L'liip 

III nun 

0" 

12 0 

13 

2S 1 

1 

12 0 

14 

30 3 

2 

13 9 

l.’i 

:)J2 

:i 

119 

III 

34 3 

4 

15 9 

17 

31)4 

r; 

17 0 

IS 

;)S7 

\\ 

IHJ 

19 

11 2 

7 

10 4 

20 

13 H 

H 

20 7 

21 

11) 5 

0 

22 1 

22 

49 4 

10 

2:1 5 

2.3 

52 4 

II 

25 1 

24 

5.') 6 

\'l 

2H-7 

2.5 

.'')il (1 


IF. rrwjMTfi/Mrf? fiom 0’ to 105 



I’n'ssun' 


Pn*s'iiin* 

’Trrnp 

III 111111 

Toinp 

III niiii 


12 0 

.Vj' 

2Sl 2 

n 

17-0 

1)0 

352 7 

10 

23 5 

9.5 

43.H 9 

i:i 

:t2 2 

70 

542 5 

•JO 

43 8 

75 

666 0 

•jfi 

50 0 

80 

812 7 

:io 

780 

H5 

9N.7 2 

as 

103 0 

90 

1187 0 

40 

134 0 

95 

1422 0 

45 

174 0 

100 

1694 9 

no 

222 2 

105 

2007 0 

The followiiiR data, giving Yapoar preunre and heat of vaporlsa- 

tlon at voriouH 

temiieraturPR up to the critical tPin)ioratnn', are 

duo to Young. ^ 




^ romjrf. mid.. 

1883, 96. 1140, 1225. > Ber., 

1890. 32, 1818 

* tS'cinii. Proe. 

Roy. Dvbhn .Vor. (N.S.]. 1910. 12, 441 
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Hi«t of 

Vnp pn‘<«iiirp, va|>i)iiim(iiiii 


'IViiipi'niliin* 

mill. 

('hI(>iii*i« 

0 

12 24 

220 M 

in 

23 77 

221 2 

‘Jn 

44 IN) 

220 a 

30 

7H INI 

220 1 

40 

. 

21H7 

50 

- 

216 0 

<io 

_ 

2)3 4 

70 


200 0 

KO 

- 

2(Hi 4 

MO 

I.IMI 

201 6 

l(Mt 


107 1 

110 

2,3.16 

118)3 

IJO 


IKl 2 

i:ui 

t 320 

177 6 

110 

.’•.lUiil 

171 1 

i:io 

7..I26 

164 7 

IliO 

0 366 

1.16 0 

liO 

11 H.',li 

Ms 1 

IHO 

1 1 763 

130 2 

lOO 

IH,17H 

128 1 

IMNl 

22 161 

116 6 

IMO 

26.H21 

10.) 2 

•PH) 

.12 O'lT 

KN 2 

‘2 Ml 

3M7«i 

70 6 

210 

i:i..'’i01 

40 3 

241 

16.210 

35 0 

212 

16.') 17 

2H 1 

242 f» 

17 2lNi 

22 1 

213 1 

l7,H.'iO 

0 

Cnticul t4 tup 




Tin* specific heat at from If]'* ti> 4(1 Tt ' ih (Mi12 

iSi liiillcr) . and the critical temperature 24:H» 'at 1H11 m , I ffrani 
at tlii'f |Kjiut a vulumi' of !{.') re (Kamwiv and Vouiik) ^ 

DortisclioaHk) and lvakoMMk\‘ found tin* M|MS'i(i(' liont of 
akoliol at 20 ' to Ih‘ (MilH. For niixluri's of alroliol uml water, 
tlie HiN'filir hratN over tlie ranf;<‘ ~ to UU' were found tc» Ik* na 
followH - 


P»*ni*iitHj 40 
nf alroliii) 

Sjimfu’ 

Pi*rn>ii(uf{0 
i>f mIihiIiiiI 

HiieeifN! 

liy wi'ikIi) 

lii'al 

hy mi'IkIii. 

Iieiit. 

loo IN) 

0 O-IO? 

41 05 

0 0702 

04 43 

0 7080 

30 03 

0 0024 

00 02 

0 7300 

34 OH 

1 0116 

HTiOri 

0 7732 

20 04 

1-0277 

COIN) 

0 M030 

2107 

1 0411 

74 00 

0 H300 

20 UO 

1 0440 

60 06 

0 8603 

1100 

1 0422 

04 06 

0 88.10 

10 04 

1 031N) 

fiO 05 

0 0070 

5 03 

1 0160 

54 03 

0 0206 

0 00 

10007 

50 00 

0 0480 




^ Pror Aoy. Soe., 188 v 88, 320. 

■ J. Hhv. Phytt. Chem. Sor., 1 008, 48. 860 : Ch^m, Zrnir., lOOH. 8. 1S68. 
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specific gravity. Ouinf; to it*^ fixcul ns well as to its 
scicntilic iiii|)orlaii(r, tlie s|K‘iilie ^rniMiv of ethyl alcohol has IxH'ii 
the siih|c( Lot rtiiriicroiis invcMi^atiojis In this country, the vnliic 
ol)taiMC(l hv l''ii\incs,^ iiamcU, 0 7!K‘lS at I.Ki '1.1 (> ', and the 
pradicalU identical niiiiihei foiinrl l)\ Drinkuater.^ 0 7!t3K|, have 
heen hii};el\ usi-d In (h'nnan\ the value (I 7!Mf5 at 1.1 fi /l.ltt“ 

was ado|»ted li\ Tralles, * and ciii])lo\(‘d for innn> years, hut has 

heen r(‘|ilaeed foi (iseal |Mir|Mises h\ data based on the work of 
Meiideleeir ^ This iii\ estimator, uhn-sc delenuinalioiis an' 
|iiohahl\ the run>t aeeurati' of all, ohtaiui'd the follow ini; results - 

At 0 'no n S(Mi2.1 ; 

* M'/nO ’, tl70:l()7, 

:wi ‘,no '. 0 7.KtMH) 

lleliTred to tlu* tein|)eiatiiie Mti', and eoMi)>aied with water at 
the MUK' teiii|ieiMtiire thes(‘ \alues eoirespond with 0 70:)SI <// 
runio, or to 0 TOIMO in air 

Mole n'cent worki'is (Noiiiil'.'’ liN)2 , Klasoii and Norhu.'' I!MM>) 
ha\e found values somewhat hiuhei than those of Fownes and 

Drinkw.ilt'r lunielv, 0 70n0.1 .ind (tlO.T.tl lespeetivelv On the 

other hand, lower lesidts even than Mendeleen s have heen piih- 
lislu'd , thus Sqiiihh" loiiiid the speeilie eravilv 0 7!in.l Since 
tlieie is dillieiiltv in ehiiiinatiiii; the last ti.iei's ot water, the lowest 
valiif' oiii'ht to repicsent the piiK'st ah'ohol, piovided theie is no 
other soiiiei' of eiror Srpiihh's result, howi'ver, has not hi'en 
eonliimcd, .ind it has Ih'cii sim^ested that perhaps the pieseme of 
a little ethei iiiav have eniisi-d the value obtained to he a little lower 
than the truth 

A earetui review ot the most trustwoithv determinations indicates 
iMendeleelT's result, which eoiH'S|MiiHls with 0 llWilO at l.in' yliltl' 
(in air), .is prokdilv the most aeeiirate value of the speeilie gravity 
of ethvi alcohol 

Thermal expansion and specific gravity of 
aqueous solutions of alcohol.- The ordmarv tables of 
aleohohe stn'imths at 1.1 .Ki an' jjiven in the section on '* Aleohol- 
oinetrv " The following; data, due to Osborne, MeKelyv, aiul 
Itearee," allow of the s|M'eilie jj;ravitv of a(|Ueous alcohol nii\turcs 

beirm caleuluteil for any teiH|K‘raturo between 10’' and 4(1' 

■ 

' rhit Tnin^, ls*T. 2 in * /’Ad .Un./, ISts, 28. 12.1 

> //•//• .tniin/. ISO « /W; 138. 2‘Ml 

' limit Ch m So-', I!»a2, 81. *17 
*■ Kon t/iii t}.,il., IIMIIi, 2. No 24 

■ K|ilii'iMens, ISSI .1, l%iim ./ , |ai), IHS4. 16. 4t. iiiiil IKSS, 16, n7-H 
' Hull I S flurntn uf Stnmiwh Seieiitifii' No III" 
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Till* ^ra\ity of nt 2.'> uas fitiiml to In* (iTSi'itHi 

^miri |H'r r v 

TIir s|NTilir ^riiMlv of \:irioiiN iiiixtiirrs nf ali-nlinl iiiii] uiiliT 
Wii'i (l(‘lrriiiiriiMl al 10 ', at 40 ", ami al r.irli intcrxal nf ."i In'Iwi'I'I) 
tlii'Hc t 4 -in|MTatiin‘s Fnuii tin* rrMilt*!. tiu* xaliiiN nf (In* m 
I'ltii icnti III tin* follnwin^ (*111111(1011 wctv (uliiil.(ti*il 


+fl(f L>.'i)+/l|/ -20)^ ^>(/ 2:»‘' 


llcrc IK M 

the s|H‘('i(i(‘ craxitx a( 

.in\ ti‘iii|irialiin> t' 

li(>t\Mrn 

lo iiml 10 , 

ami />_.■ Is (III 

s|M'i ilic ^l.ixilx al Till* 

\ aim's nf 

(111* roi'llii'ii iits ri. li. ami y 

an* iri'oii 

III till* fnllnuiiiK 

Mi'iilixl 

Sp (.’1 111 




|M| II III 

_Vi (•lain 

a In' 

a III- ■) 



lix \\> I|.'lil 

p. 1 • 1 




II HIM) (u.ili II 

II 'I'lTliTT 

.'.lll'l 

IS| 

:il'i 

1 'Ki: 

II 'isMIT 


’«IL» 

. Ill 

|| list 

II 'IMIlhl 

.lll'l 

|s| 

j:»s 

I'l \:: 

(1 'HiTlilS 

(.■..'ll 

1*1$ 

isn 


II 'ii'.'l 0 


III 

Inn 

III IIMi 

(I •|•H|■|;»I 

Iiio 

JJII 

IT 

1*1 'ISS 

|i*HI‘ili7 

7 Ish 

IC) 

♦ 

I'l 'Mil 

11 'in'1'117 

Mill 

US 


*i'l 'iTli 

II 'isTii'O 

sTiS 

Ul j 

_*( 

Til III : 

II siiHMI 

S,'i*il 

117 1 

‘1 

Ml II \^^ 

(I sPNIII 

STII 

. Ins i 

(I'l 

'III HIT 

II S| I i|l| 

a7iri 

!!i 1 

.'•I 

•I'l 'll t 

(I Tsvn; 

KT'M 

i’i7 

(•J 


W'llli lln* aid n( (hi- tahh* ami lln* folinuin^ nm* (!IMii(; an r\t(*mli‘<l 
r.iiiL'i nfaliolinl Ill'll ( (he s|a*i ifii* irrax i(\ nf anx niixMiri* of 
I tlixl all nlinl and uiOi i al .iiix (l•lll|N•^a(lll(* hi (xxi'i'ii |o and 10 
i.iM I frniii till* foiccniiif; ii|iialion 


\li iiliiil 

Sp nr at 

|M T 1 • III 

l!.7 <1111111 

lix \i< i(;)il 

p.1 . 

n 

0 '1*17077 

j 

(I ll•l:l■rl'l 

.'i 

0 'ISHlIill 

ii 

0 'ISImO 1 

HI 

II !)HII43I 

l'» 

0 'I7:W4.I 

LMI 

n *nii'i:t(ii 

J.'i 

(1 ir.s'iHi 

.HI 

II ‘1 '10117-* 

;i.'i 

nuiu.'ifi 

411 

o]i:iiiH.*| 

i.'i 

(1 ‘♦JO'irid 

so 

(1 'N|i4H.'i2 


\lfili.>l 

Sp jrr III 

|H'I II III 

Ji'i (I null 

iii'i^'hl 

I"" ' 

sWt 

0 .S'ls'iOj 

no 

0 SSl.'l'Nl 

h'j 

0 N7.'il!li't 

7o 

0 Sli.TIIIII 

7 » 

on' 1.1:111 

no 

0 K'l'l] 1 1 

H.'i 

0 hJli.'i'Hl 

INI 

Ohnii:!:i 

ll.'i 

0 7'>'l!02 

*m 

0 7*.MI70 

!l'l 

0 7HHi;i.'i 

HNI 

u 7n.'iu.7n 


Contraction. Alrohol h hy^M-opic, thmiKli not nniifirkuljly 
ao It !.*• nii*>(*ihl(* xxitli xiatrr in all pnijiortions On ]1lixin^ the 
two lu|ui(ls, a ri-(* in t<‘in|>enitun* (H’cura, ami on (ooling the inivtiin* 
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Ut thn oriffinnl tcrnporatiin* there is found to bo a contraction of the 
total volume, the extent of the flccn'ime (le]H>nding upon the relative 
proportioiiH of the eoiiHtitiientfl The maximum eontrnction, when 
(‘uleiihite<l aa a piTrentage on the sum of the initial vohimeH, is 
given liy a mixture containing one moh'eule of alcoliol and three, 
molei'iiles of water,* tlie amount of eonlmetion being 3 (4 per cent, 
at l.'ioti*’ KYpreased in another way, the maximum rontraetion 
M olitainerl hv mixing 52 volumes of aleoliol with 48 volumes of 
uatiT, and th(‘ volume of the resulting mixture (mi'aHured at 20" 
in this eane) is !l(l 3 instead of 100 
.1 llolriK's’* has given a table showing the actual contraction, 
m(‘aNiire<l iiuciihie centimetnxs at 15 50", which ocenrs when 100 e e 
of alcohol are mixed with inerensing (piantities of water From 
this tahh', it ap|H‘ars that a maximum amount of contrailion, 
0 OH c (! , is reached when the mixture corresponds with one molecule 
of alcohol to eight molecules of water. This is to be distinguished 
from the maximum percentage contraotion, which, as stntid abo\e, 
occurs w'ith the proportions A part of the table is 

given here b\ w'ay of illustration 






Vohiiii»>M ivl ll•lll|»l■^.llll^‘ l.l.'ta' 


Actiiiil conliao 
lion, iiiiMnI 
\ol of iilcoliiil 

UK) <• c 

1 '2\ V c 
3 M 
7o;t 
HH7 „ 

!»0H „ 

H7S „ 

7«.'i „ 


I'llll- 

lim lioii, cult'll 

llllcd OU SHIM of 

initial xoliiiriiN 

0 'III 
S'l 

;i lit 
:i ut) 

1!0I 

1 S(» 

1 OU 


Holmes disbices from his exis'rimcnts that the “ true molecular 
volume ’* of ethyl alcohol is 3 22, that of w'aler at the same tempera- 
ture being taken as unity For meth}l alcohol, the “ true molecular 
volume ” deduced is 2 23, and for n-pn>]iyl alcohol 4 07 
Apparent specific volnme of alcohol In aqueous mixtures.— 
Dr II T llniwn deduces fnmi the following considerations that 
with ver;^ dilute iui\tun‘s of alcohol and water there is an expansion 
of volume instead of a contraction ^ 

'J'he apparent siiecifiG volume, i f , the volume occupiefl by unit 
weight of alcohol, may be expressed by the formula 

\-{D-W)IW. 


* ((ralmin, Pht! Tntru, IHlU, 161. 37;i. 
< Tnm$. Vhtm Soc , 1000, 89, 177.>i. 

> Amlytt, 1916, 40, 370. 
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whf'P* I) ih the .s|M'(ilir f;ra\ity of (lii* at li'i (i '' IT) <> ', mid 

IK th(' ^M‘i(;lit of nI(' 4 iliol. cxpri'N'iiil in f;niiiic, in 1 r c of llii* iiiixtun' 
Th(‘ valura of tin* hjKritu' xoliiim* for iiii\(ui<''« of 4 oiii|iiirii(iv«‘l\ 
loM uK'oholic I'oiKH'ntriition tin' (^ivcii 111 the fi»lloMiiig ttihlo . - 


.S|i i-r. til 
iiii\liiri-, 


Sji \»>1 (if 

alitiltitl III iiit\(im> 


0 !ish 
<1 

0 UiN) 
1 

?i 

I 

.■» 

h 

H 

41 


I i 7 i;i 
I 

1 1 1 .‘ill 
I 1/70 
» ITSS 
I I.H 4‘7 
I IMS 
I |VH 
I KiO 
1 iMiJ 
i Ih/I 
I Im!MI 


TIiinc \iiIu4‘s i4'|insrnt flip xdIiimm* hi re 4M'(ii|ii4d hv I ffiiiin 

of •i[«4i|i<il (il till* dilTcn'iif (4iii4 4*ii(rali4iiii« xvlii‘ii tlu> loliiinr ilmriffOM 

me flil (lii'iiun on tin* iilioliol 

'rii 4 ‘ a|)|iai 4 'iit h|m-4'iIi(‘ miIuihp of tlio (‘ontaiiird hIpoIioI incmiKPH 
Mcadilx Mith (ii 4 ' diluhoii St follous tliiit on ))io^'M‘i«mm' iliiiition 
xMtIiiri IliiM liimln Ihi* V 4 )|iiiiic of till' inixtiin' imiinI f‘\( 4 ><i| llii> Mini 
of tin* initial miIiimks of tlic < oiMitiO'iilh, mi tliat an ai tnal iiici'ciiM* 
oi \oliiiii 4 ' niii»t oiiiir iiist 4 ‘ail 4 if tiir loiitiJi’tion uliiili is oliMi'vrd 
•d Iiil'Ikt 4 0114 4 iitiatioiiN of a]i 4 i|ioI Tlu< 4 'iiti 4 .il |i 4 iint at uliipfi 
4 iiliili«in 4 ras 4 's t 4 i [hikIiui* 4 4 iiitra 4 ’ti 4 in uimI h 4 ‘!{ins t 4 i ^i\(> rim* to 
i‘\|i.in‘>ion 4 i(iiirs at a cointMitiatniii 4 4 irri‘s|Niiiilni^ xpiy iii'ariy 
with ill'- h|M- 4 'ilir jrr.uiiv Tins lamit wimlii wi-iii I 0 niailk 

the i' 4 nn|il 4 M 4 sl foimatniri of a 'Iclniitc ali-oh'il lixdrat'-, diiriiiK tho 
foriiifitioii 4 )f wiii 4 'li (-oiiliiiii'iiis pontiio lion talo-M plai-i- , urnl tho 
cxpanMi'm wliiili octuiH on Mill fnitliiT dilution iiiay hi- n-f^atded 
iw an I'xpreaHion of progn-snivi- dissodutioii of tliih liyliato 
A hydrati- ha\ing tin- roiii|Nisition xvoiilil (-ontiiin 

24 21 pr 4 '('nt of alcohol, and dilute* ali-oliol of Kja-iihc gravity 
00652 contains 24 S 2 int cciit (by weight) 

Surface tension.- At 20 '\ and fi^r alcolml ol 00 54 ]M>r mil 
strength, the aurfaeo tenaioii ia 2000 dync-H ]ht (-cntimrlie 
Refraction.— The refraoUva index uf ethyl alcohol for tin* line 
Hj is 1 3667 (Bnihl) 

Hulmea^ has dctcrinincxl the indiceit of refraction {S\) at 15 . 5 '* 
for varioiiB mixtures of alcohol and water, and show a that a inaxiiiiuin 
value id given by a mixture containing 711 2 per cent, of alcohol by 
weight. An abridgment of hu table of ntHults is ns followb 


‘ rnirw C'Acm. Hoc , 1813 , IBS, 2105 . 
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Value of 1.*! .1 


(■Jl,(l 

I .Kslio 

1C^H„I 1,11/) 

I :ii5."i7i 


1 :((iar>i 

(VUd.ll/l 

1 .‘i({(*:ui 


1 ,7(I40S 


1 lie 1 .72 

fill, 0,111,(1 

1 ;t.7HK:i 


'I'lic iiuixiiniiiii v'ulii(‘, ('orr(‘H]N)ii(ling witli th(‘ ]ir(i)K)rtioii of uLcoliol 
uho\(', ih 1 .‘{(HH)! 

liio\\JiiM|{ and Smiioiih^ found ii nuixiiniiin valur of thr* n-fractivo 
indi'N, at .‘KT, uith a niixtim* (‘oiitaininf; about per ci'iit of 
al<oliol b) weight 

Ii \V Andrcuh^ fiixi'a tin* rcfructivi' iinh'x (/i) of alcohol a^cUiisl 
air aa I .Vi04l ± (HNMNU at 25 , and On* ndractnc ((iii^t.ini 
(.V„ l)V/ iw 0 4r.8.U Mbilst (/i„ l)/d 0 45770 Witli lln* 
Xci.s'i iniMicision rcfiartonndiT, tin* reading obtaiiird wa^ 85 .‘{0 ± 
0 02 'Dn* inaxiiiKini \alin* of tin* n*fra(*ti\i* inilrx was 
b\ a iiiivliiK* of 20 7 |N*r i*(*iit of wat(*r and 7i) 5 {>(* 1 * ('(*iil of ■di'oliol. 
(*ora*spondirig with.‘Kyi„(), 2 ll 2 () This iiiaMmuni valuris 1 !hill;{l5 
at 25 ■ 

Tin* indices of n*fraclion tor \ a nous mixtures of eth\l alcohol 
and water at tenipeiutiii(*s b(*tween 15 and 55 ' and for the sodium 
ia\s, have also bt'en det(‘rinined b\ Donwliewshv and Dxoiseharit 
s'liik*' tSome of the priin*ipal lesiills an* as follows 


.Ml iiliol 

IM'I H‘lll 



A’r 

v„- 

A,/ 

ll\ \\i ll'llt j 

(1 

1 

1 .CMS 

1 iciiia 

1 ;i2'in 

1 32M 

10 

1 ;i 4(120 

i :c(s( 

1 :c<as 

1 .CU'I 

1 33.10 

20 

I IllTTS 

1 Ill.TO 

1 1(211 

1 :i((ii) 

1 33<I3 

:in 

1 :i.7170 

1 x.'iin 

1 ;msi 

1 3472 

1 313.7 

(II 

1 .(.'liMH 

1 :i.~>.'si 

1 .{.'ilH 

1 llisi 

1 3I(>S 

,7(1 

1 :i(’i2'Hi 

1 :i778 

1 *1.7 i:i 

1 ;i.7(i(> 

1 .MSS 

an 

I :{ii.7o.> 

1 :i.7?i7 

1 ;t.7(iii 

l 3.722 

1 3.701 

TO 

I :i(i(il.7 

1 :i(i(i.s 

1 :i.77(i 

1 37JS 

I -I.MI.T 

Ml 

1 ;(aaiin 

1 :n>i 1 

1 :i.7(>!i 

1 .1.72.7 

1 1 3702 

an 

1 ;ia(i2a 

1 ‘lanx 

1 irsii 

1 3.71.7 

' 1 3401 

1(1(1 

1 :i(i:i.i2 

1 .•».'»73 

1 liulM 

1 3487 

j 134(1.7 


'riicK* authors fiaiiid that the inllueiice of tomperatun* upon the 
index of n’fraetioii of the inixlures could be expressed by the 
eipnition .V, .Vq (1 }- 4’0* '»hen* k is a (Constant and O" denote 
the tein]M*ratiin*s 

1 ,1 .Sot. Chtm. hul , 33, 810 -21. 

i J .-iMwr Vhi'm .Vw. ISMW. 30. 

a J JtiiM lVir/« (’Am >oc , UKlb, 40, !KiS-031 , (’Am. Zrntr , 1008, 2. 
150U-71. 
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Dispersion of ultra-violet rays. The n fi.t. ti\r itulurN nt mt ilix I. 

iMlivl. mill |ini[i\l .litiihdls foi i:i\s Ilf u.i\(. |,.||j.||| \ fjiMi 

hi\r limi iiHMMinil »i\ V linin' ’riu* iil.ii iifi.iilivi 
|)i)wn ran In- jui iii.UcIv -iilnl h\ (lii> imiuiila 

. 1 / «* 1 « 4 /A „ 
tl \' A„ 


'riic Miliio of till' loiistant'* a 
iMtilt to J|.~)(l, aic 

.nil! \ 

u 

mIikIi Imld v/ooil lioiii 

1 * A.. 


sol'll 

) 1 n.> 

IlMi 1 

l.lllXl 

1.* TliT 

T 17(1 

l.'IM 

riii|i\i 

IT II.* 

lolls • 

INI 


Eloctric conductivity. 'I'hr I'li'itni iMiiiiiuiii\ii\ llll•(ll^l 

mImiIiiiI ariii nl \,iiiiiii> i;ii\tuii»> (<1 .ilmlinl .iiiil \ialri. Ii.is limi 
ili'ti iiniiii‘il li,\ Diiium ' iniskN .iml Uhm liilrM M ii'‘K\ ' TlirN |iiim 
lirti till .ilinliii] h\ ll•|N<.l|l•li iliHiill.itioii (I\n ||I||| IJiMir .iini (||i- 
M.iln li\ lll'•hll•lllll|| fioiii IiwImimiIi |Hiinmi 

U.iiiiiti anil |iliiis|ilioii(‘ .11 1 1 rill irKiiWr. iiliiainni lit la vvnr as 
flilldWs 


I'mki.I ( ■•imI'ii tr iI \ I'll Mill ( iiihIiii 1 1 \ il \ 


li\ \\> iL'ill 

r • III 

l.\ U.l/llt 

(' 1 "') 

II 0 

1 il'iT 

no 1 

0 'Jl 

If 

0 'll'l 

71 1 

0 J (.1 

HI) 

II iin 

71 II 

0 .'Is 

JO 1 

OIK 

SiMi 

0 Jls 

js J 

0 ( 1 .! 

.Sh { 

0 J t'l 

*17 1 

0 .'’ill 

'tl 1 

0 Jl'l 

tl J 

0 J (7 

'll '1 

II I'lll 

.ril 1 

0 J|( 

‘IS » 

0 1 ('{ 

.'ill 0 

0 Jl'l 

lOilO 

II ll'lT 


Till rri.itiiiii lirlwini (In '<|H’i iln i niiiiiirtu it \ X .mil tin* mhi 
( nitialioM, (' df (hr alinlml in (In iiii\tiiM"^ i.iii lir ir|iii>.'>nili il 
1),> dll' ciiii.itiiiii Ar' a riiii’otaiil lln* \aliii‘ nl tin' iiiiisl.int 
ilrpriidnit; lidui-M'i, ii|iiiii (lir lrrii|ii i.itiJii’ anil u|ifiTi (In' di'Kiri' 
of piiritv of the idroliol and (In uain 

For niixtiiirs coritaiiiiim H( to “»(» |n i mit ol almlinl, iln- irlation 
iN'tucni till' visciHiti .N tin* eoiidin li\jt\ A and ||n> ilirli'i tin- 
constant iK can Im' rcprcM-iittsl li_\ (In* c<|ii.itinn A'A 7/ ii couhtmit 
£lectrolysis of alcohol. Anoidintf to LoImukI lancii/.,' 
ixlicn cth\l iili'ohnl is clis'tnilyvcd in '•iilpliiiiic and solution the 

> film/)/ niirf. 1 !) 14 . 158 l**'*- 

* ./ //iMf 7 '*!/* rhnn .v* . rHCi, 40 . M 7 HOS , fArm I 'MIS. 2 . 

15«S, J .S«- rhnn /hi/, I'MI'I. 28, S'll 

* “ Elictruilii iiiistry of Ofijuim ( uiiipriuinK’' I'joii, p KO. 
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final pnxluctM an* alrloliydt*, un'tic osUt, formic chUt, ctliyl nuL 
phuri(; acid, and ctliylidcnc oxy-cthyl clhcr [Cff, CH(OH) 0 UjHjJ 
Jn nitric acid Hohition, in addition to (hcho oxidation ])rcHluctii, 
carbon dcrivativcH of ammonia have boon obucrvcd at the negative 
IK)lc 

In bydr(H‘hlori(‘ acid HoliitioiiK, cliloro-ac'ctic acida occur, ua veil 
aa oxidation ])nMiuctH, vliilat in alkaline aoliition an aldehyde 
n-ain ia obtained finally, aith ab'ohol ni aqueous Holiiiion, after 
addition of potaHaium acetate, the pnidueta aero etiiaiie, cnrlam 
dioxide, acetic cater, and potaaMiuin elh>l carbonate 
Dielectric constailt.— Waldeid liaa found the following 
values of this constant for ethyl alcohol . — 


T<‘n)|icrAturu 

Did ciuisl K. 

1 5’ 

2KK 

1S.T' 

25 4 

10 2* 

2U8 

Electric absorption.- 

-The following data an* due to 

P Beaiilard * For coiiveiii<iic( 

‘, the ligurt‘h ndating to niellivl 

and propyl alcohols are also included. 


Jii'iiKlIi <if TriiospiM'itiii \|i|Niii>iil 


Miivc iikIiicIim' h|N‘( imliii t 

Mdics jHiAiT piiwn 

MHIi,\I illtniinl 

fl2 •'I•‘I2H 2 567 

\.i't :t;i3i i:m:i 

Klliyl iiliciliol 

/i2 2.1 :i7in 

135 25 4 565 

rni|i}l hIihiIiuI 

fI3 1.7 .'{2 3 317 

135 13 30 4 1I.V) 


Specific inductive powers of mixtures (»f ethyl ulcohoi 
and water (Heaiilard and Maury) ® 



Appuri'iit NiN*c 

iiuliirt. [Miucr. 

AIrtihiil, 

|K'r <viit. 

A 35 M. 

A 12 m. 

IIU 

4 876 

3 684 

07 

4 775 

3 825 

05 

4 04B 

4 060 

W) 

4 .531 

3 700 

H.> 

4 312 

3 486 

m 

41.52 

3 .505 

70 

6 120 

3-802 

(Ul 

5 761 

3 003 

50 

.>•14^ 

•3 162 

40 

4 562 

3 620 

30 

4 601 

3-588 

15 

4 056 

3-4ii6 

0 

4 418 

3-502 


1 ZatKh. phyittkal. Vhem . ]»10, 70. 573. * CompL rend., 1010, 151. 56. 

■ Jotirn. de i*Ay«., 1010, [iv], 9b 43. 
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Thr molecular magnetic rotation of ulfoliol uas found liv 
IVrkiii* to he 2 7WI 

Solubility of alcohol in water. An aimuK stmod. 

alcohol is miaciblo witii Uiit4‘r in all proiNirtimis, Iml Wroth and 
Kcid-' have devised tui in^renioiis inethiMl of I'sliinalnif! the “ itlral ’ 
bohihility, hast'd iiimui the Milne of tlii‘ iNirlitioii-cuenii leiii oi 
alcohol hetneen uater aiicl eoltoii si'eil oil 

If and repicseiit reh|Mtli\ely the solul>ihtu»i of nleoliol 
in iniiter and in the oil, and thi* cftnieiitiations in the same 
two solvents at etiiiiiihiiuiu, and k thi' iNiititiuii-eiK-llieient, (hen 

llv deterniininji e\|M‘iiineii(iilly the ]iro|)oilnm tif tdcolml in the 
ai|iieous la\er and in the oilv la\ei after tin* mixture has Imtii 
shaken up and all«»\\ed to se|Mii.ite, (he \ahies of (\ and Cf, aie 
found, and therefore the \ahie of k is known It was found 1o ho 
2s;i at 2.”» Then. h\ d(‘terininin^r the value of (AiM'iimentiill.N. 
the value of A’,, « an he ( ah iilaled Thus e(h> I alcohol was found to 
dissolve III the oil to the exti'iit of 21 2 j'ranis |H'r ItHt cc , whence 
ki% 2S ;j 21 2 (HMl Krams piT KHI e c 

'Phis n*pn'sen(s the “ideal ” solubility of elh>I alcohol in water 
at 20 , wliicli could he lealised if watei and alcohol wcii' separated 
li\ a H'lni peimeahh* lueiuhiaiie thiouifh which oiil\ the alco)ii>l 
molecules could |iass I'or metlivl alcohol, tlie coiiesfiondin^' 
number is odl.^ (he value of k lieiiiK HKMi and the soluhilily in 
cotton M'cd oil 1 H4 ^riains pci HH) i c 

In the tole^oln^ e\|MTimenls. the mi\tim-s weic shaken for an 
Inmr in a bath kept at a iimstanl tempciatiiie of . About 
three weeks’ standing, or six hcaiis tentrifiiKiiig. were reijiiired 
before the lavers In'came clear 

Viscosity of ethyl alcohol and its aqueous 

mixtures.' Ethyl alcohol and its acpieoiis sohitionH form 
useful standard liquids for testing viscometers, within the range 
of viscosities obtainable A imxtiin- of ib ix*r ti'iil by volumi- 
of cth}l alcohol and water has a viscosity which is almost exact ly 
four times that of wab'r at O'* iSmce tin* viscosity of alcohol- 
water mixtures jiasscs through a inaxinium at this coinx'ntration, 
the viscosity dra-s not change rapidly with the concentration, 
whieh is a marked luUniitage^ 

'The following table w abridgtxl fniin one coinpiU'd by Hingharn 

* 7'ratu. Chem. iSoc., ltHI2, 81, 1"9. 

» J. Amer. Chem. Soe , U»6, 88, 23lii 

■ Tlie value 50.1 w given by tlio aulhora, but this appeals to bo an 
onthmetical error. 
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V KTirVL OCCrKltKNTK IMtOPKIVrri'lS Ijis 

and finni thr iimst liiiMworlh\ data axailalilr' Tlir 

unit tin* " mitiiHUsc. on«‘ liuMduilili ,i| il,r alisiihilr (MiS 
unit i)f \i.Mnhit\ ( ' frcHii INusi'inilr) 

lM)r wunc puriMiM's u is ((invriin-iil to iis,. tin- l|indi1,\ insl. ad 
of the Msio-sih , ij„s tin. o| (]|, \iMosiix r\|uis^,.d 

III imiy Thus 111.- Iliiiditx of i(N) jM-r .-.-nt aholi.)! iH 0 is 
I 0(1177:1 .1(1 1, and at tO . I DlidS.W Uii!) 


1* lu I /is.i I'liiN I III \i^i I III K \i I iiiim %ii \ ] I Id s * 


•'o « /lli;r 

<!|illllr> KlOll 

III loo 

I- Ii • 

(•ooiis Kinll 
III loo ^'iiiiiis 

ll«lllll 

III Ullll 1 

pmiil 

l 4 Ullll-I 

1 n 

2 ii 1 

IJ 0 

21 Ii 

- 

• 'l 

II 

tl 1 

.{ 

7 M 1 

III 

1 1 1 

( 

|0 1 . 

Is 

.IM 0 

'• 

no 

.'o 

12 S 


r. 1 


Ml ii 

7 

I 7 ^ 

.'1 

I'lO Ii 

s 

IMS 

Jll 

:»i s 

a 

Jl M 

Js 

iM 2 

10 

-M 1 . 

10 

III Ii 



IJ.i 

70 0 


III*! f htin I'hii |\) 20 --I 


III ii siii.soi r\]iriiiiH-nts iiiiid. with a xi.-a l.uisi . ilaiii lion t.u 
till d.‘|»irss|nn lit till- ii.i/iii:' |ioiiit loiilil III' iisnl :is ,i ini-thod ol 
doll Miiiiiiiii! ahohol III rhliiti solutions, I! (i.iunl olitiiiiii-d lln- 
follonin^ ii-Milts-^ Ih-i kiiiaiiii s .iji|i.ii.i1iis n.-is used, and tin- 
licc/aiii; inL>lui(- of m- natn and niU kept at .ihoiit S 


1 III loo plains 

Iaiu« on,' III III 1 /iii^' 

1 illi lllllll ll (ll 1 II ilSI 

nf s(j]iit|fiii 

|Hiiiii, 1 l•lll|l.le <1 

Im 1 III ll 1 |ii 1 1 1 III 

(•raiiii 

\iitli llial III loili 1 

■ it nil lllllll 

1 0 

0 IJI 

0 IJI 

JO 

0 HIM 

0 IJI 

;io 

1 JliM 

0 1 J 1 

1 0 

1 liMl 

0 IJ-I 

.'ill 

2 US 

0 1.., 

III! 

2 iiliJ 

0 IJ7 

7 0 

;ioi:i 

0 1 to 

KO 

.1 »i:i 

0 MO 

JOO 

1 .'iJS 

0 i.'>:i 

IJO 

•1 •‘airi 

0 1117 


Thua mill thr loner |M-reeiitni!i'h the loweiini; of thi* free/iiif; 
IMiint iH projiorlionaPto the quaiitit\ of ahohol, hut at nliout 7 jut 
cent and beyond it iM-coiiieM ai'iiMhU greater 


* " iStamhinI Siilihtiiiio ii for tin- ('nil brut mu nf Vim .aiM-liTh,’' Snuiititir 
Pa|M>r N'o JUN, t .n Hunm of SUitohirdt, p 77 
■ ZeitMh. anal. Chun., lilUSp 45, iOU. 
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HoiLiNf; ifii.NTs or aqi'koiim ^r.r(>jioi. mimViiks * 


.Ml fllllll |M I 
(flit liy \ifii;lil 

(i) .M 700 mill 

(ii) At 760 Him 

(ill) .At son Him 

0 

97 rr 

IIN)^ 

101 44* 

10 

HO 3H 

91 47 

t)3 HU 

L*0 

M4 HO 

H7 115 

HH 43 

30 

H3 13 

K4 TiH 

HR 91 

10 

HI (M) 

H!) I.'i 

H4 4U 

:s) 

79 7H 

HI 01 

h;i 26 

Nl 

7H92 

HI 04 

K3 3H 

70 

7H 03 

HI) 14 

HI 47 

MO 

77 33 

79 33 

KU 61 

iHI 

76 46 

7h54 

79 Hh 

10(1 

7(1 36 

7K 35 

79 (i6 

!i:i 57 

76 16 

7S 33 

79 54 

* IlliniMllCWh^) 

liiid Pohaiutky, 

./ Ituifi Vbiii 

i'hnn Sot , 1910, 


and VViit'fcU found that alcohol {■onttiiiiiii^ K lo !) jmt mil 
of ualiT holla at 7S2(>' to 78 27" 

AzOOtropiC IXUXturdS.- Alcohol roniis a/col rojac inixtiiica 
\^ith viatcr ir, inixtiirca which iliatil at a (onaliint tcinpciatiiic, 
wlicn the prcHHun* ih k«‘])t coiiNtant. without change of coiii|iosi(ion 
At the Htaiidiiid prei^aun*, 7(il) iiitii , the uiivtiire of constant 
hoiling |Miint" dMda at 78 15'. and contains 4 42 per cent of 
water (hy weight) ^ Since this teinjieratiiie is lowci than the hoiliiig 
point of either of the two eonipoiientM, it is iinpossihle at ordinal y 
pn>SHim'H to ohtniii pun* alcohol fioin a dilute ai|iicoiis solution h} 
fractionid iliHtilliitioii onl\ ; aoine deh>diating agent is lusssMuy 
Tin* coiii|K)sition ot the aiu'otropie iiuxture, as well as th(‘ hoiling 
point, de)H'nds upon the ]iiessiiie eiiiplo\ed The iollowing i allien 
weiv found hy K W. Meminua 


J'lfMiiin' 

lip Ilf 

Wiilfi, 

K [> of 
filial 

III mm 

illlVllllf 

JHT 11*111 

aliiih'il 

1 tril 3 

95 Sr*'' 

4 #5 

95 58 

107.5 1 

87 IJ 

4 65 

K7 :i4 

760 0 

7H I.'i 

4 1 

TH 30 

401 6 

6304 

3 7.5 

63 13 

I9H 1 

47 63 

3 7 

47 66 

130 7 

39 30 

1 .1 

39 34 

04 9 

33 35 

0."i 

33 38 

70 0 

— 

0 0 

37 96 


The ratio of water to alcohol is thua diminishisl uh the prcbsuro 
ia lowered. Kventually a |K)int ia reached below which an azeo- 
tnipie inixtun' (binary inixtiin*) in not foriucd , this oeeurn at 
pressured Udow alKiiit 80 nun. Under these conditions, anhydrous 
alcohol is the more volatile phase* present , and it in then possible 

1 J. .liiirr. CArm. Mir , 11)01. 28. 407. 

> Youmk, Tmm. Vhtm. Hoc , 1W)2, 81, 710. 

‘ Ibid., 1913, 108, 635. 
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to sppanit** iibwiluti* alcnhn] tin* wntn in nidiniirv Hlrunji !*|nrit 
by syNtciiifttH' fnicliininl a*i hlmuii in Ihi* lust luu‘ of 

tin* table * 

Kor tbn Hiiim* reu'^oii. altlnni^li uh'olinl. n>iitr>ir\ to tin* {jnnTiil 
brlirf, is not siai‘i.ill,\ h\KniM-4»|iic. tin* |»iTiiiiliiur of wiilir in 
moist alcohol is sIouIn iin-rcnscd b\ iaiumiiu it to nir, or cvi'ii li\ 
|HisMii^ dry nir tliroiif;h it 

M Wiciiski^ linds that tin* ii/^sitniph* inixtim* of iilcolnd mid 
untcr lias tin* folloum^ comiiosUioii til tin* tnii|H‘rntiii«‘s slionn ‘ 

T< iii|i Alciiliiil, fii r ci'nl 

3*1 7»i !»: il 

34 HI >Mi :i 

717«r 1I3 7 • 

Kth\l iilcoliol forms with li(‘n»cn(* also a iiiixtiiii* of (oiislmit 
lioihiif' pomt, (iS2r>'. at iioimal |)i(‘ssiir(', and with water thcsi* 
two li([Uids Ki\c n teniiirv aM‘otro|in‘ iiiixtiiic hoihiifi; at ii still 
lower lempei-atiire ((>4 8.1 ) Hast d on these propnties an iiiKi'iiioiis 
method of d(‘lMdratin^r aleoliol liaa been destiihni by Vomiit’' 
If betizciK* la* tnlded to n mixtiin* of aholiol mill water, and the 
whole distilled, the terimiv mixtiin* of all tlni'e lli|ijids will eome 
over iiist, siriee it has the lowest boilintj |M>nit (btH.'i') If theie 
IS moK* than sntlieient ben/eiii* to lairv o\er the wliole of tin* 
water, and if the aleoliol is ]in‘sen( in exeesh. the terini\ mixture 
will be billoweil by the bltiaiv mixtiiie of aleoliol and ben/.eiie 
boiling at IIS 2."> , arnl the ln.st .siibstaine to eome oxer will be the 
alcohol, whieh should now, theoietieuHx. la* fiee fiom water In 
prai tiee, however, a Hinkle o|H*iatioii dia-s not siiHiee eompletelv 
to eliminate the water exen when a dephlcKmatiiiK eohimii ia used , 
but by ^e<llNtlllin^ the |Kirlh delix*lrated aletdiol onee or Iwnr 
xvith a further (piniitity of beiiwne, tin* water e, in be liiinlly ri'inovnl, 
and absolute ’ aleoliol oblanu'd Kipial wei^dits of beii7.ene and 
alcohol of 113 p<*r cent strf*nKtli (b) wl-ikIiI) may be ernjiloyeil, 
and the distillate eolIis*ted iii fraelnniH eorri*s|M»jnliriK with the 
points «7 fi 73 ninl 7H 3 ' for the nroxerx of weak aleoliol mid 
benzi'iie ; tin* remainder in the still w llie rnon* or less eonijiletely 
dcliydnik'd alcohol 

W U G Atkins * |mints out that this method can be applied 
to the (lehyilration of orgonie tissiies, thus avoiding nsk of oxida- 
tion ; and also to Wic pn*|»ration of solid chemical eoinimuniJh 
111 the anhydrous stale for analysis. ITie. substance is placed 

* Wade ami Memimui, Traru Chem. Sue, IBIlp Wp WT. 

* J. Kwv. Phyn Chrm Hoc , lOlU, 42p I 3fi. 

* Ijoc cit 

* Nature, igiri,96p US: Trane. Chrm. Sac, 1915, 107, 919. 



ALTOHOL 


CHAP. 


m 

in the (liHtillHtioii Husk uith Hl(‘4)hiil unrl a suitahlf quantity of 
When all the tiirhiil ternary niixtiire of constant boiling 
|Hiint has heen renioveit hy ilistillation from a uater-hath. the 
remaining' niivtiire of ah'ohol and iHMizene niuv he ra[>idl\ distjHed 
an ay, and the last traces can he eliminated in a \acnum desiccator 
Hv adjusting the ((iiantities, either alcohol or henKene can he 
ohtamcd as the linni liqiiul 

The two isomcri<‘ acetxlene dichloridi's also lorm hinary mixtures 
vuth alcoliiil, and ternary nii\tiin‘s uith uatiT and alcohol, hoilini; 
at hiw temperatures They ran therefore he used in the same 
\\a\ as hen/cne to obtain ahHoIiile alcohol For tlie isomer of 
hp 4M the hinarv mixture hods at 40.')'' and the t(‘rnar\ at 
11 4', for th<' other isomer, boiling at tl(t2.V, the correspondinfr 
mixtures have the hoilnif; points 7" and oIlK'’ respectively ' 
With chlorolorm, ahsdiol forms a hiiiaiy mixture riistilhii^' at 
otl4", th<‘ com|Misition of the mixtiiie heintr {)!) |M‘r cent of chloio 
(orin and 7 |M‘r cent of alcohol A t(‘niar\ mixture hnilme at 
.M ,T’ has the composition chlorofoim hli .1, alcohol 1 0, and watci 
II r» pel 4'enl 

As noted hy Atkins.’* azisitropie inixtiircs may sometimes servi' 
to identity an unknown li(|nid The idcntilie.it ion of a liquid by 
its hoilmi' point IS pcKsihle only when lh(> li(|iiid can he purilied 
preiioiisly, and in dealing' with small ({iiantilies sudi )Mirilicatioii 
IS often a dilheiilt matter It iiiav hup[H>n, however th.it another 
li(|uid can he luldefl, with which the unknown substance will foim 
a inixtun' of constant hoilint; point, so that the unknown iKpiid 
may he idciitilied in this way For example. heir/.eiie w.is added 
to a liquid smelliii}' of alcohol, and the mixtuic was distilled The 
teni|M'raturc remained constant tor a short time at .~iK .Ti (tlie 
boiling point of the hinarv iiuxtiiie of methyl alcohol and benzene), 
thus indicating the pmsenee of iiiethvi alcohol, and there were 
other lialts at til S', 118 20', and 7811', these heinn n'sjiectively 
the boiling points of the mixtiin's ethyl alcohol water Is'iiKenc, 
alcohol heiizeiic, anil of alcohol Hcncc the liquid consisted of a 
mixtiiix' of methyl alcohol, cthvl alcohol, and a tracs* of water 
Alcohol as solvent. Meohol is one of the most useful ot 
solvents, both for organic and iiiorKanie substances, but especially 
the former, It dissolves baksaina, essential oils, esters, fatty acids, 
hydrocarbons, resins, soaiis, suf^ars, most vendable alkaloids, and 
a larKc niiiiilHT of pharnineeutieal ilriigs surh as acetanilide, camphor. 

' (■ ItiiU Site thiia Itihf , l'l|;i, 27. -U.l 

* Wiuli* liiul Kiiiiii'inoir. Trans Chem Sttr . I'HM. 85. !t4li 
' lsri/.VA/, Mini, 41. :Mt 
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chlnmlainulr, and Thr fixrd mis and 

fills arc imt s|MirinKh m.IuMi- m alu.hiil. a initaMc ••Mrptimi, 
hoiirviT, hrinjr oastiT lal. ulmli is ir.nlili dissnUcd .\s n^Midn 
inorK.inii' sulMaiirrs. aliolml diNwOn-s t||i> h\di,i\idi s nf the .ilkali 
itii'lals hut not (Im> carhonatcs .\iiiiiii>niiiin l iiliindo and niilrrd 
most of tin* clilondiN wlin li an* n‘.'idil\ soliiMr m wali'i, aii* dis<4iil\i>i| 
l)V alioliol The follouiiiir lalih* of ih<. ^oluhilitv oi \iinmi*i alkali 

lialidt*sinnH*lli\lan(h*th\l:il(ohcilsisdui‘l«)TuiM( i and Ihssrtl ' 

I.'IIIMS 1)^ IMJMIIUHS SXII IIISSIIIXIII |.\ |IHI i.lUMs m ll|| \|iii||ii|s 
\l J'l 






II ti •ilml 

iji nllul 

l.illiniiii ( tiliiriili' 

t_* ‘ti. 

J-. S.I 

„ IIMllli4> 

14 1 in 

J.TlI .SO 

Stiiliiiiii ( lilitinlc 

1 (1 

0 Oli'i 

„ iiMtide 

!>n 1 1 

III IIJ 

I'litlli'illlill 1 lllliOlli 

n -.{ 

OOJJ 

„ liriiiiiiiti 

2 IT 

0 1 \2 


|SM1 

2 III 

|{iilii<liinii 1 tilmiiti 

1 It 

II OTs 


Soim* of ilu* inrlalii* nitiatrs an* dissohod h\ alioliol, tin* 
siilpliali'H arc LM'iicralli insoliihlc l)clir|iicNccnt salts arc iisiialK 
soliihlc in alioliol, potassiiiin carhonatc hnnj; a iiotahlc cMcptioii 
to tins lull*, uliilc salts uIikIi cIIIoicsm* an iiiostli iiisoliililc 
Siilplnir anil pliosplimuH an* dissolicil to a sm.ill extent, •mil iodine 
fieeix Manx pises are more soliihle in aleoliol (lian m wider 
thus IIMI xoliinies of aleoliol dissoKe 7 xoliimes ol lixilropai, 2t“> ol 
oxxtreii and III of nitioueii 

.\ipiemis aleoliol pxes a liiiliiii mixture with ihloinlorm unless 
the pro|Hirtion n^ai lies a eertam xalue de]ienihim on (he strenirth 
of the ahohol Aeeonlin^ to K Kn/ ~ the followm); luoportions 
of ahohol at dilTerent coin 'eiit rations an* neeessirx for pxinL; a 
clear mixture with |tt jiarts of diloroform 



i'lOls Ilf jilrnliiil 

Sp nr of 

for III piirls lit 

llluilllil 

f iiliiliifiiiiii 

II s:44 

;iii 

II s:io 

2 2 

11 HJI) 

0 11.1 

U HIM 

1) kT 

OhM 

n i;i 

<IH1J 

u ;r-j 


The iilkali-metal.s dissolx't* in aleoliol to form etli.xlates (so-called 

iilcolioliites "), r (j , HoiJmin etlixlati* ONa 

Alcohol forms ervNtalline eoin|Hiiinds with eertiiin Halts, rr/ 

' Tniat .XVv , 108. HMM 
* J .Srir. f’hnn Intt . ItU'l. 38, (.Mist ) 
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calc-ill rn chlnnVlo, niagncHiiim chloride, apprarinf; as “alcohol of 
crvNtalliHatioii " in tlicsc comiKiunds - ('aCl5,4rjK,(), for oxainjde 
Photolysis of alcohol.- Acconlini; to Ri'rthclot oiid 

(hiiid(‘chon,* ethyl alouhol in alwcncc of air is not decomposed 
liy Mirili^'lit (of wave-length greater than O.^)- ft is, however, 
pliotolysed hy the direct rays of a jnerciiry vn])oiir lamp, used 
uiLlidUt any iiiter[)OM(‘d senm The dceonifMisition is primarily 
inlo ai'etaldeliyde and hydnigen, hut usually then* is some furliier 
plKitoIysis of the aldehyde into earlmn monoxide and ethane 
When water is present, the reactions arc substantially the same, 
hiit\ilthate.nd(:nry to form aeid prcsluets 
Of the goi^es produeisl when a 110- volt lamp is used and the 
tiiin[M-raturo allowed to risi* to HO -fM) ', fit) 71) per r-ent is hydrogen, 
lt)-2f) )j(*r cent carbon monoxide, and l/i 20 ]ier cent ethane 
Methyl and propyl alcohols are also decomposed in a similar manner 
Oxidation of alcohol.- SfN-nking broiidly, oxidising 
agents eon\ert eth\l nleoliol into aldehyde and acetic aeid --- 

ViW^iiW I 0 -.nijCHO I Hat), 

(yijOli I (>2 (IHarOOIl I 11/) 

The ehnraeter niwl ({uantity of the priKluets vary, however, aeeonliiig 
to tlie eonditioris of the oxidation When* this is carried out with 
potassium diehnunnte or |wrmnngnnate in n(|ueous-aeid solution, 
the for(‘going are the products ; with ]M‘rmangaiiate jii neutral 
solution, acetic aeid, or aeelie aeid and n little earbonie m-id, are 
given ; and wiili alhdinp ]H’rmiinganate solution, oxalic, aeetie, 
and <-arboiiie acids an* ])nMliieed 
A nearly <|uantitative conversion of eth,vl alcohol into acetic 
acid can la* obtained by treating an a(|U(Hius solution of the nieobol 
with potassium diehromate ami siilpburk* acid \nriouH prn])or- 
tioiia of the reagents have been usimI for this purpose In oxidising 
a mixture of ethyl and rneihv 1 alcohols. Thoriio and Holmes* emjiloy 
7 f) grams of diehnimate and grams of sulphuric arid jier gram 
of alcohol, in n total volume of about 57 e e The diehromate and 
arid are addl'd in two stnge.s, and the mixturo is finally boiled 
(si*!.* p DtS). A small quantity of enrlMinie arid is also produced 
from tho ethyl ahxiliol at the sanin time - about 0 01 gram for each 
grain of alcohol 

Dox and liiimb,* for oxidising small quantities of alcohol ranging 
from ()'2 to 20 grams, use an oxidising mixturo composed of 

^ ( W- rtml, 1913, 166, 08-71 ; 1010, 161. 478 

* TrnrM Vhtm. 1904, 86 , 1. 

' J. Amr. Vhem. Hoc., 191U. 88. 2603. 
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pfitHShiiiiii <|ii‘hroinatf*, sulphuric anil, and wntrr in thi' |)rii|inr 
Ilf I 2 7 li\ urifzlit AImiuI ITid (-(■ nf tills niixiiin' iim' 
U'li'fl for thi‘ of alrohol nifiitiiiiird 

Kiiins mid has' Iuixp '•tiidu'd tW anitm of iiriiiiid and alkalini' 
soliitiona of jKil.issiiiin |M‘rinAn);aim(<‘ on dlixl almhol rsinu 
alioiit .‘)d ^'riinis of this salt in a Jitn* of uuirr at ritl , and .‘I to (i ^laiiis 
of ahohol, thr\ found that uitli no |Mita'"«iiiin hwiioxidr iiddrd th<‘ 
|ii(Mlii('t MasalnioHt uholh lortn; and. with a \ri\ small proportion 
of (mhonir .uid Whm, Iiowomt. llm solution was mado alkalini' 
with |totas,>.iiiiii hidroxidi*. ox.ilir and was also ono ol tho |iiodiirts, 
and till' pro|Hiitinn of cailumir and was miirh minasnl Tin* 
I'oiiM'iili.ilion of thi* alkali lan^nl from .7 .‘I to .‘lltlS f'rams |iri 
litro, and .it tin* hij:lin stiniL'lhs {s.’i L'lanis and iipuaids) tin* 
.imomit of o\;ilii and piiMlin'isI was aliiiosl as nmrh as that oi 
thr airtic and Om* i'\|M'iimnil nia\ la* ipiotnl to ilhistiatr Ihi* 
whole i'ermiini!aimti' used. grains, alkali, li<t‘1, iileohol, 
•l•'lf oxalie ,ieid olit.iiiiid. 2 1) (iiaiiis . iiietieand 2 11. eaihome 
and I l.s To rediiec loiiipleteli .‘{tt iriams of iMTiiianttaimte in 
a lilie of water at .Kl , t> in.inis of ahohol were injiiireil whiai no 
alkali wax added , lait S .‘i uiiimK sndieed for the rediielion wlieii 
|ifit.issium hwliovah was present in the pro|H>i.tion of Itto grains 
|ier iitle 

Kth\l aleiiliol (.iiiil aNo mitinl. piop\l, lmt\l, and isoani^xl 
ah'oholx) ,iir oxidised hv potassium |M'Mnant;anate or )i;idio)(en 
iM'ioxide III the |iies<‘nee of ferrous silts, whieh lot as catal,\stH *’ 
Keitie and manuaiious salts are without iata]>tie elTeit on tlie 
oxidation \Vli(‘n leiroiis sulphate is piesiMit. permanganate 
o\if|is<-x elh\l ahohol in dilute solution, almoht exehisiM’K to the 
iddehyde : hut III piesi-m-e of ieiioiis oxaiati the oxidation priseeilN 
tiirtliei. part of tin ahh*h\de Imiif: tiaiisformid into aeetie aeiii 
Till se oxidations pnmssl so n';nilail,\ that the eourse of the leaetion 
max he m\rsti|.Mted qiiantitatixelv ll\drop<n jieroxide arts still 
iiion* I'lier^i tiealix on ethxl iileoliol. whiili, in preheiiee of lertoiis 
siiljihate or oxalate, j.s oxidised to a mixture of aeet:ild(‘h,>de and 
aei‘tie and. the aldehxde pmlonimatint! with the fr.rmei, and the 
ai'fd with the latter, latalxst Tluiu* oxidations siTxe ns strikiiiK 
In'tiin* e\|M‘riiiients, dieolonsr'il iiiii^fiila sohitnai heiii^ u.Hed ns 
indieator 

('linrerNil aids as an f>xidiHT of alrohol hy nsison of its adsorherl 
oxygen, anil ferrous Kilts iiiereaM* the oxidi.sinK laiw'er. The adrlition 

' ./ Awfr Chrm. Sac,, I'JIfi, 88, 376, 

* DriMselieuNky mul llanll, J. Rwu Pkjfit. ('hem. Sor , lilH, 40, 

J Chtm Soc , It'll j, 108 (Abet.), ii, 331. 
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of a ferrouB Milt to a solution of alcohol containing charcoal rcHults 
in (‘onHidcrablc incn^asc of the amount of aldehyde formed. P'erric 
saltH produce no such inen^use. 

Electrol3rtic oxidation of alcohol.— P. Askenasy 

and coadjutors liave investigated the conditions necessary for 
obtaining the best yield of acetic acid iiJien aknihol is 
oxidised elcH'tnilyiii'ally.^ No diaphragm was used in the 
exfieririientttl cell, employed, the electrodes being placed only 
!1 mm. apart A little sulphuric acid was added to the diluted 
alcohol Using nH-lificd spirit, the best yield (HO (I |H'r <cnt.) 
was obtained with eurrtmt density 21 amperes {mt sq. dem., 
isitciitial 4 volts, and tempiTaturo 35®. Some aldehyde and ethyl 
acetate was fornu'd during tho process of ek'ctnJysis : the etliyl 
acetaU* becomes hydrolysc>d as the alcohol is used up, and touurds 
the end of the oxidation soiiic of the nc'ctic aciil is dccuinpos(‘d with 
evoliitiuii of carbon dioxide On iKMitrnlising the elect rolis^l lji|nid 
with soda and evaporating down, sodium acetate is obtained, 
containinati'd with sodium siiljihate. only For economical woiking, 
ferment ( mI beetroot juice was us<‘d instead of riHdilii'd alcohol, 
and th(‘ best resiilts uere obtained uhen about 2 grams of iliromiiim 
sulphate per litn* of electrolyte were* added as nn o-\ygeii-carrier 
Under these conditions, at tein|M'rature 30 35 with cm rent (l(‘nsity 
12 ampen's per m|. dcm. and potential 3 7 volts, a y icld ot about 
})3 per cent was obtainitl. TJic authors c-onsidcr that, giieii cheaji 
power, and using the fermented beetroot juice as the source of 
alcohol, the electrolytic priHt'sH might com|K‘tc with existing 
methods of iimiiiifaetiiring acetic acid. 

Chlorination of alcohol.- if dry chlorine is ]mshcd into 
strong alcohol to saturation, the mixture being nt lirsi cooled and 
afterwards heated slowly to 100®, the alcohol is chlorinated, the 
final product k'lng a crystalline mixture of chloral iiyilrute, (‘hloral 
alcoholate, and trichloroacetal On distilling the cry stuliine i>rodiiet 
with Hiilphurk* ac-id, chloral is obtained. With bromine, the. 
rorrcs|K)iuliiig prmluct, bromal, is given Alcohol distilled from 
bleaching ]K)wder yield.s chloroform. This reaction is usually 
explained os one in whieh both oxidation and chlorination priu-ecd 
siinultancoiisly, aldehyde kung first produced by oxidation, and 
then ultimately converted into triehloroaldchydo or chloral, 
OCl, OHt) The latter sulistonee reacts with the calcium hydroxide 
)in*scnt, y u'lding chloroform and calcium formate : — 

2(T1,CII() + Ca(OH), = 2CHCla + CaH,(C0,),. 

* ZetiMh. EUktroe/uin., 1909 , 15 . 918 . 
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Fixation of nitrogen by alcohol.- rmii r tho iniiiiniicr 

of the elivtrii' Hpark dihchHrgf* in an Rtmi>N|ih(‘n' of nitn)g<^n for a 
li.‘Uf£th4>n4sl ihtkmI. t'(h\l alcohol anil iln homolopicrt coiiihiiu* uith 
nitroK^'n, viHdinff ImmIich of un iiniido' or hami' nature (Hcrthclot) ' 
H\ drop'll is rsohed, imdlnt alcohol >i4'ldinK 1 atom |irr iiiolciulc, 
uml ctlivl alcohol 2 ntoiiih (hie atom of iiitrop'u in lixod for every 
2 atoni** of h\dMtp'n evolved 

\V Loll has also invent ipitisl (he iKalioii of nitnipii by alcohol * 
riiflcr (he inliiienie of the bilent elMric discharp*, the iiitniRcn in 
not (i\e<l us such, but first fonns uninioniii with (he h> drop'll 
produced The olcohol is dtsoiiifMised into ucetaldch,\de and 
hvilrop'ii and the acclaldehvde further ehonged into iiielhnne and 
(Uilioii dioxide Kveiituulh, formaldehyde also is produceil, 
top'lhcr with formic acid, lliexe (oinbiiie with the iininioiiia to 
form licxninine uml Qiniiuuiiiiiii foniiiito. Kthyl butyrate and 
uiuiiioniiim hiityrnte are uIho among the |inHluetN’ 

Catalytic decomposition of ethyl alcohol. Acconi 

iiiL' to Hcrthelot,*' ethyl uleolud vajmur when h 'iited begins to 
tleM)in|iose ut oiHi , yielding on the one hand ethylene and water, 
and on the other aldehyde and hydrogen , but seeondarv reiieliona 
also lake plin'e, with the forinutioii of luetyleiie, ethane, benuiie, 
iM|ihthaleii<', tarhoii monoxide, niid enrboii dioxide. 

. I, lint' btund that iii tim pre.seiien of 7, me dust ethyl nieoliol 
decoiiiposes into ethylene and water at 

Iputietl" lia.s shown that al (itM)^ in the preMener* of /ine and 
lilhaige, aldehyde and hydrogen an* fonneil from ethyl aleohol, 
and at oStl 080 , when the aleohol is distilled over ahnniiiiiirn 
|s)wder, divinyl is yieldisl, in addition to the ]ii-odiieta of the 
decomposition of nhichvde ami ethylene 

KhreiifehF jaswd the va|KNir of ethyl aleohol over earboii hisiled 
to dull nslucss, and found that the alcohol is deioiniMfsed into 
e(|uul volumes of niethniie, eaibon monoxide, and hydrogen, 
aceonling to the equation 

(V*.0 “ CH 4 d- CO 1 Jlj 

At a lower temjx.‘rHture, largo quantities of etlione are formed, 
probably as a primary n-duetion pHsluet. When distilled over 
aluminium Ijelowr a di^l red heat, the produeta are ethylene and 
water, the latter being to a largo extent further reduced to hydrogi'ii 

* Compt rend., 180H. 128, 010. * StocAoin. SetUch., 1900. 20, 130. 

j * Ibtd, 120. * TraiU de VhuHie organtque, 1872, 164. 

» J. Chent. Soe , 1880, 82 (AIkC.). 7M. 

* iUJ., 1002, 82, 1, 4, 330; and 1903, M, i, 403. 

* J. fr. Vhm., 1903. [uji *9, 
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At a (lull n^l li(>at, (l(‘(‘r)in]K)suti()n into iiicthanr, carbon monoxide, 
and li}(lrof;(‘iL alwi taki'H iilacc, and, at a brif^ht red heat, is pre- 
dominant. 

Sabatier and Seiidi'nms^ have studied the action of reduei'd 
copper, nickel, coIniU, and spongy platinum as catalysts in the 
decomposition of alcohols generally by heat. When etli>l alcohol 
IS passed over redu(‘(‘d eopiNT, a reaction Ix'gins at 2(N)'' and is 
very MgrinaiH at 25()'‘, the alcoliol In'ing decoin])osed exclusively 
into aldehyde and hydrogen Up to a tem|uTature of 3(1(1', the 
same changi* occurs, and at this temperatun' as much as half the 
alcohol IS decom])osed. At 42(1 the gas evolved consists of eipial 
vo1uiiU‘s of ii'ieihane (12 o |M‘r (*(‘111.) and carbon monoxidi* (12 f) per 
(en( ), together with hydrogim (To ]M‘r (rut) The two gaws 
hrsi ^Mentioned are fornusl at the (‘\|M‘nse of the aldehvde, which, 
111 (he presence of reduced eo])|)er, begins to dceonipife at 4(M»' 
When nsliieed niekid is list'd as the eatalvst, decomposition of 
(he alcohol begins at Ifitt , and is rapid at 170 At I7t( , some 
aldehyde is formed, but iii'iirlv half is destioved agaiii , tlu* evoivc'd 
gases at (his tem|M‘ratun' consist almost whollv ot carbon numoxide, 
methane, and hydrogen l)eeom|Hisition of the carbon monoxide 
into carbon dioxide and carbon la'gins at 23(( and i^ \(t\ rapid 
at 3(K)‘\ at 33(1", the gas eon.sist,s of (‘aihoii dioxide, nudhane, 
and h,vdrogen llialuctHl cobalt acts in tlu' sanu' manner as nickt'l 
Spongv plalinujii Is'gins to d<H‘om|M)se eth}l alcohol at 27(1- 
11 niueli higher t('ni|ierntur(' than is r('i|uired with loppi'r or nicktd 
The action inereasi's n*gularly with the temperatuie ; at 31(t*', 
tlie gas (‘\ol\wl consists ot carbon monoxide, methane, and. 
hydrogen Only a small (piantity of aldehydi' is obtained, most of 
it being destni;i(sl, with the pnaliietion of carbon monoxide and 
m(‘tlmne 

>1 11 Senderens^ linds that the oxidation of eth> 1 alcohol oecura 
at tem(H'riitiires of 4(15^’ to 4ri0 by simple heating, without the 
aid of a catalyst If a current of drv air is ])ns.si'(l thniugh ethvl 
alcohol at. the rate of Itttt e e pr minute, and the mixture of alcohol 
vapour and air tlnui led through a lioati'd glass tulN*, oxidation is 
found to commence at alamt 400", and at 4r)0" all tlie oxygen is 
used up The main pniducts an* carbon monoxide, carbon dioxide, 
and water, with much smaller ({uuntitiesi of aldeh;idc and acid 
Miigiu'siiim, ziiie, and aluminium an* tlu'n'fotc n'ganhsl as having 
no gn.*at valui' ns eatalysta in this renetion, since the oxidation 
take's plac’e almost as n'udily without them as with them 

> romjil renJ., 100.1, 186, 73S, 0'21, 983 

« Ibid., 1013, 156, 1000-1012 
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Catalytic dehydration by means of metalllo oxides. V»moim 
nxiiich, sui'ii llioria, iiliiiiiiiiu. ami tlio liliic dxi'iIo of 
I'xrrt a ikhviliatiiigat'lion on Hiiyl ami otiiii alcohols ,it a (cm|icra 
tiirc of iMN) Kirill , the priMliicis In*! iri'lliOcm' iMiltiKarlioiih. almost 
cxcluhivciy III Noine caai«*. the ilflnilralioii ma,\ la* n*slrictiil at 
louir (ciii|K‘ratun‘*4, ami the ctliori foniiiMl Sahalicr ami Mailhr' 
haM' |H)iiitc(l out (hat (he meehaniMii of (hi< reaction is strictly 
aiialo^'oiiH to ( he <lcli\(liatioii of alcohol uhich i»(‘lTecte«l |i\ Mil|ihiilic 
lU-iil The aiialotfv ih further ilhisirateil li\ the fact (hat the oxkKn 
III i|uestioii act iiM c.steiif\ iiifT catahsis thus it a mixture of llu 
va|i<airrt of e(h\l alcohol ami airtie and is passed o\cr titaiiiuui 
dioxide at IKHI , a pMid i|U.ui(it\ of e(h\l .uctatc is piodiiccd 

Simil.iili, alcohols ami 111111110111.1 |M.sscd o\cr heated thoriiiiii 
oxide \ield th(> ioiies|Miiidii)K amiiie.s , and alcohols uilh hwlro^eii 
sulphide p\e (hioN 

AbsolutO alcohol. In prep.iiinK anh\dnaiH ahohol, the 
Usual pOH-ediire is to diirist !r» p«r tent spud with ipiieklnne for 
soiiied.i;ks, and tin n iodistil oil the ahohol slouly fioni a u.itcr hitli 
and lieat the laodnet ill the same u.iy The Inst and last portions 
ot the distillate aie rejntid A siiflieieiit excess of lime niils( he 
iisid othnuise (00 l.ui'e a pio|Mirtioii of lalemni hydroxide is 
formed, and towards the nid of thi‘ distillation this mi Ids ii)i watei 
and lliiis dilidts the .deohol .ilmiii Ahoiit one foiiith or one lifth 
the uei;;h( of the ahohol is a suitahle ipiantlt\ of lline lor (he 
di'^t dial ion 

If sinai^ spud H not axailahh to .start with, it nlu^ ieadd\ he 
oldaiiied, of uhonl HI la tri per (cid stien){(ll li\ distilling wuik 
ahohol from polassiiim earlNUiate Theslini^th nia\ le raised to 
about H 7 IMT cent li> distilliiif; the priHliief o\er fused ealeiiim 
rhionde, and the distiliale iiiav then la* treated with rpjieklime to 
obtain the ahsolide ahohol 

Ilariiiiii oxide may also he used as a dehy drat 111^ afient, and 
|iow'den'd ealnum e.Lrhide has larn einjiloyed • •Sim]ile ))ereolation 
of strong alcohol thrnu^li a enliiiiin of quicklime, after (litn'alion 
with the latter for si*veral days, yiehla a nearly anhydrous pnidurt 
— rontainintt, how'over, u small quanlitv of lime, which may be, 
romox'ed by distillation Metallic waliutn and metallic eiilriiiiii 
have liciMi used for rempxing (he IiihI traces of water, but ijuiekliiiie 
apiiears to In*, on the whole, Ihe beat dehydratintl UKciit of all 
ItH action may l>c acceloratefl by heating; the mixture under a 
^ reflux eniidenaer, and by using a larger pro|N)rtioii of the lime- - up 
to onc-half the weight of the aleuhol>-in tlin first tn*n(ment. 

* CompL raid, 1010, 160, H23. * Yvuii, Vhem. News, 1808, C2. 



166 


ALWHUL 


OUP. 


Tliif followitif? dotuiU of ati actual exiiorirnent are >givcn by 
U. W. MfTriinan * 

(ri) IVii litres of ikt irril. alcohol were boiled in a copper 
(Iriiiii for twenty-four hours with 4 kilos, of quieklime made from 
marble On distilling the ]iroduet, spirit containing about 0 5 per 
cent, of water was obtained lliis formed tho stiK’k, which was 
flirt h<‘r (h'hydrated as n^quired in Imtehcs of 700 grams. 

{h) Seven hundred grams of the. 90 5 {ht cent, alcohol were boiled 
on the water-bath, under a reflux eondonser, with 150 grams of 
(|iiiekliiiie, taking the usual precautions for preventing the nb.sorp- 
tion of atinos])heric moisturo After six hours, the jiroduct was 
distilled froni! tho wattT-baih, a double spray tra]) being fixed on 
to the flask Thu first 50 grams were rejected ; the distillate 
obtained by boiling iilinosi to dryness (about 000 grams) had a 
density of 0 800H0 at 0“/4“, and thus eontaiiied 0 000 ]K'r cent of 
water 

(r) The alcohol of sp gr OHOOig) was again treated with lime, 
and 1 he density of the main fraction was 0 St)f)2K at 0 74 ' Another 
treatment with lime, and also with inetullic euleiuin, left Ihi* density 
uncliaiiged 

The density of the pnxluet, it may he reinuiked, is slightly 
higher than that of Mendclfk'fT's uleohol , hut the I'xpi'nment 
shows, at all evcuits, that a very nearly anhydrous alcohol is gi\(‘n 
hy till' tivaimeni deserilHil 

Voiing's method of dehydrating alcohol hy (listiihition with 
benricne has nlreaily been n-forrcwl to (p J")?). 

Anhydrous potassium fluoridn is a good pridiininarN dehvdiant 
for alcohol It acts rapidly on account of its solubilitx, and is 
somewhat more effeetivc than tiotnssiuin carbonate, as the saturated 
soluMoii has a lower vapour pressure It absorbs a large jirojiortion 
of w'ater (02 per I'cnt ), forming the hydrate KF, 2 H 2 (), the vapour 
piT-ssiire of which is 3 5 nim , and the limit of dehydration of eth>l 
alcohol is rt'ached at 97 -5 per cent , Avhen the vapour pressure 
corresponds w'ilh that of the above hydrate.’ 

According to L W Winkler,’ alcohol can bo completely de- 
hydrated by distilling it over filings of metallic calcium Tho 
latter may contain soiiio nitride, which will yield ammonia by tho 
action of wator in the alcohol ; but this ammonia can be eliminated 
afterwards. Tho filings are sifted in a coarse sieve to free them from 
any powdered nitride, and traces of oil and more nitride arc n^moved 

> TniM. Chfm, Soe . 1013, 108, 020 

■ (j. B. Knuikforlcr and F. C. Fraiy, J. Fhys. Ctum., 1013, 17, 402. 

■ ZetUdt. (Uigtw. CAem., 1016, 80, 18. 
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by sliakinf! the vi(*(>miis|\ with <lr> 0 Hrl)OU tetraolilnridn in 

a glaH'i-sto])|N‘n‘(l flask, (raiiNfrrring thrin to a l(H>M‘ly'Nt4))>pm'd 
funnt‘1, waKhiii^ tluMii a^Ain uith thr luiino solvent, anil tlion 
in rarbon dioxide, 'llio alrohol is distilli*d with the piirifitHl metal 
in the |)ni]Mirtion of 20 grams to the litre Ammonia is removed 
fnmi the distillate b\ dissolving in the latter a little alizarin (a few 
contigranifl pi'r litif) and then adding a soliitimi of about 0 Ti grain 
of tartaric acid in 10 e e of the distilliHl uleohol until the n‘ddiHh- 
bliip eoloiir has turned to a pim^ yellow- After the addition of a 
few more dro|M of the aeid solution vvhon this ]K)iii( has lieen renehed, 
the aleoliol is le-distilled, ean* being taken to exelude alnicwpherie 
inoistiin* during the o|M'nition. 

I'erkiii and Pratt have found that when midnllie ealeiuin is 
allowed to n'lnaiii in eoiitaet with ethvl (or inethvl) aleoliol for a 
period of :I0 to lid iiiiiiiiteH, a nvution uriirs Is-tween the metal 
and the aleoliol ^ Onie staileil, the renelion, whii-li may lieeome 
very vigorous, i'oiitmue.H to eompletioii, with formation of ealeiuin 
etiioxide (or rnelhoxide) aieonliiig to the e(|iiAtion ■- 
aCJIsOH ' Va ((’jHtlV’a I 

If the mi.\tiire is heated to the boiling ]Hunt of the aleoliol, the 
reaction procet'ds much moie rapidl). 

L W Andiews* found that absolute alcohol, dehydrated by 
means of lime fieshiv pn'jiansl from marble, and freed from aldehyde, 
had the same s|s'eihc gravity, the Mime ndractive index, and the 
same erilieal tiuiiperalure of solution, as alcohol had viliieh was 
delivdraled with niagnesium amalgam^ or metallic eah'ium. Tho 
speeilic gravilv found viiis, at 0 7^510 ± dlMKIdl. 

Winkler, in ItMki, obtained the value OTftudl) at 2r)®/4" for tho 
speeiKc gravity of ahsoluto aleoliol dehydrated by means of metallic 
ealeiuni A Kailan* later found a somewhat higher value, namely, 
O'TSril.'l at u.<iing the aame inethrsl of dehydration. Mende- 

Idnffa absolute alcohol dehydratHl hy means of ({uickliine : its 
apcs-ific gravity ndiTred to the above temfK'ratun*a (2C®/4“) wau 
0 7S522 R<‘fcrrwl to the temjK'raliire 15 0''/15 0‘' the value is 
0 793r>0, and as already atated, this is regonled os probably the 
most aeeiiratc result 

Aceording to a (jerinan (latent,^ alcohol of 90 per cent, strength 
or mono ran be dehvdratcd completely in a short time hy means 
of anhydrous sixlium sulphide. This compound is indifferent towards 
ethyl alcohol, and eon be entirely recovered hy heating after use. 

> Proe. Chem. Sac . 1007, 28, 304. * /. Amer. Chem Sae , 1008, 80, 353. 

> Hrid., 1004 , 88. 1168 « Bar., lOH, M. 3881 . 

> D.R.-r. 356501 (1900). 
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*' iihsoliiti* " alcnliol uisuiilly niiitiiiiis wattT in 
fniiii ahoiil O.*) to 1 A |ht Tin- " aliHnliito 
ii'ccilidl " of Mif Ifritish IMiariiiacopma is drliiinl as "Hlixl 
livdroxidi' (VII, Oil. with not than 1 jut <-rnt hy of 

w.itiT S|Mrili<- j'ra\it\ (at 1.1 rr7l5 r» ’) fnua 0 7!14 (('C|iii\a]i'iit to 
IMM.l.l |HT end ot <‘(li\l h;idn)\id(‘ by voluino and b\ \v(‘jj;h() 1o 
d7!Ni!) (I'tjiiivalriit to !H)4 jut (riii of ethyl Indnixide by \oliiini' 
or IHI |MT n'lit by uei^ht) ” Mon- accuiate values for th<‘ s|KTilie 
j'ra\il> would be d71KW and (17!l(57 respectively Thi’ !e.st 
preseiilu'il to exebide eveess of water is as follows “ .^nlivdroiis 
copper hiilpli.ite shaken of'casionully during tao or tliiei* hours 
wilh about lifl;v times its ueij;bt of alisolute alcohol does not assume 
a decidedly blue colour " 

Other tests for water in alcohol aiv ^nven in (*ha]> VI, and also 
methods for the examination of alcohol as le^aids (he piesciae ot 
inipuritas 

.Veeonliii}' to the l''ivneh IMiaimaeopieiii, I'ommcTeiid "absolute ' 
alcohol should have a sju'cilie grav'ity not hi},'hei than (1 7!l(iS.‘l at 
l.V’/I.V 

Kor the benefit of mieniseopists and other piivate workers who 
have no ehemieal baliinee or livdionieter. II (larm'tl iiii'iilions 
that pure oil of eedarwoiHl (.htinpnu<< rirynnam) ma> lu' emploved 
for lestiim the s(mi|{th of absolute ah oho] * (The so called 
'‘thickened” oil iimmI for iiiimersioii lenses will not serve) V\ilh 
absolute alcohol, the oil iiiives clear in all propoitioiis at (he 
oidmary tem]KTatuiv .\n alcohol of 1(8 2 per tent '•lienuth 
by volum" mixes without tiirbiditv with eedarwood oil at 
M.l', but tiirlMdity is jirodiieed it (he temperatiiie is loweied 
even 1'^ .\n alcohol of tliLs .stn*nutli will siilliee for microscopical 

work 

(\deiuiu carbide <'an be iisiul to inci'casc the strenuth of an 
alcohol Thus alcohol of tlS!) per cent, stn'iijith (by volume) was 
digested with a small quantity of |M)wderisl carbide for thri'c davs 
in a warm place Nome aretvleiu' was evolved, and the stren^lh 
w'as raised to 11!) tU piT cent. Any disajrnu'iible ruloiir left may ho 
remov'iMl by shaking the aleoliol with a minute trace of jiotassiuin 
permanganate 

Roctiiied spirit- — ^Tlie ” Npiritus Kedilicntus ” or *' Alcohol 
(!)() piT cent )”of the British riinriiincopndn is delined as " a mixture 
of ethvl liydmxide nn<t water, contaniing in KM) paits by volume 
01) jMirts by volume of ethyl hydroxide, CjHs OH SjuTilic gravity 
0 8!137. Contains H5 08 jut cent by weight of ethyl hydroxide, 
1 I*ham, J..-1018, 100, (iv], 1S7. 
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uiul 14!i2 |N>r (Tilt lt> of ^iiitcr " The aiiaUticiil tcMa (»f 

puntx aii‘ Kivcii iii ('iia|i \ I 

It should III' null' I that on .itruiiiit of the contraction mIihIi 
occiiFh. ‘‘Alcohol (!MI |M>r(cnt ) ’ wo'ild ao/ In* Kiviii hy inixinn 
(lit voliinics of (true) aliMilutc alcohol and 10 vohiincs of uatcr 

There arc four ollicial ‘ Diluted Alcohols " in the IMiannaco]iicia, 
containing respect ivcl\ 70, (lO. I."i. and 20 pci ceiil of cth J h_\dio.\idii 
hv loliiine The\ am obtained h\ diluliiif' the (Ml per ccnl alcohol 
of sp ur 0 H,Tt7 aith \ialer a.s dioaii in the lollouiii;* tiililc, either 
(I) or (2) hcin^ used, an nuiv he the nioie (onienient 
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CHA1*TRH VI 

THIS \N\1iYTI(\\Ji (MIKMlK'mY UV MinilYL AND KHIYL UX'OHOT;^ 

I. Separation of the alcohols from other sub- 
stances. - IVfon' llio iilcohol ill a iiiiKiiiro rnn b(‘ ('x)iiiiino<l an 

to its character, or its ((iiaiitity aci'iiriitel) (letiTinmerl, it iiiust, as a 
rule, he obtaiiUMl practically tm> from all other hiibstanci's (‘\ccpt 
water. 

Simple (listillalion HulliceH for (his where the admixed or dissolved 
iiiji;reilieiits arc' not volatile with stc'am When volatile' bodiea 
arc' ])reHcnt, however, it is neei'anary either t-o rimdi'r tln*ni incapable' 
of distillation, or to ri'inove them Solutions contninin^r umrnonia 
or amines, for instance, may Ih* made ac'id with sulphuric acid, 
volatile acids may bolixisl by the addition of sodium or potassium 
hydroxido; frc'i^ iodine may 1 k' conierti'd into sodium iodide by 
treatment with hcnIuuii tiiiosulphate Nc'utrnI organic volatile 
substauees in geiu'ral are best removed by a fireliminary extrac-tion 
with an immi.seible solvi'nt, or I'k' by distillation, extraction of 
Iho distillate, and rc.' distillation 

Kor such articles ils spirituous medic'ines, tinc'Liin'S, essences, 
and perfumes, the inetluKl most f^eni'rnlly applicable is tiiat 
described by Tlior|K' and ifolines ' By this process essential oils, 
eninphor, ether, ehloniforni, ethyl acc'tate, and most other volatile 
eoiistituuiita which would vitiate thi' subaiMiuent examination of 
the distillate, are removed, either entirely or with snfticienl eumpletc- 
ncss for the purpose It is dexised esiieeially for the accurate 
dctcnmiiation of the proportion of alcohol ; if this is already known 
or not required, some of the directions may obviously be modified. 

Twenty-five e.c. of the sample, measure^ at J5 6°, arc mixed 
with water in a separator to a bulk of' 100 to 150 e.c., and common 
salt is added in sufficient quantity to saturate the liquid. The 
mixture is now sliaken vigorously fur five minutes will, from 60 to 
80 0 . 0 . of light petroleum, boiling below 60*’, and after standing 

> rmiu. Chm. Soo., 1903, 83. 314. 
iru 
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for about half an hotip, the lower Ijijer is ilrawn off into another 
B(*parat4)r, extnu'ted if nerehsarv u mtoiuI (inn* with |N‘trotetiin and 
then drawn off into a (iistillatiim tlaak Meanwhile, the latrolenni 
layera are washed miecesaively with Jl/i ee of Miturnted roinn)(<n 
salt Holiition, and the washin^a added to the main bulk, whieh ia 
neiitralirted if necessary, and then distdliMl and the distilliile made 
up to 100 e e. 

In this de.seriptioii th(‘ artiele evaiiiiiUKl is nssunied to be htron^ly 
spiritiiouH, whi(h is why it is dilulnl, ami distillisl to four times 
the volninc taken A wenkl> aleoholie liquid would not. of eourho, 
need to be dduted , 1(K) or 150 ee wcaild he taken in the first 
instance , 

Diseiissin^' (he quantitative as|Nvt of the pioeetw, the authors 
iiuke the follow jiii; eoinriients 

Oil a(‘eouiit of (li<‘ Jii^h vajMiiir pre.ssuie of eth\l alcohol and its 
avidity for water, the ilistiilatioii of a slion^ spirituous liquid iido 
Its own volume of water so as to obtain an aceiirale determination 
of the amount of ale<i)iol pn'seiil is praelieally iin]>os.dble with tin* 
apparatus and the inethiKls of distilliilion eonirnonly iiM‘d. Jt is 
praetieable to distil n stioni; spirituous liquid into twiee its own 
\olume with the requisit<‘ dei;r(H' of neeurney, whilst distillation 
into four times tin* initial \olume is quite easy, and the n'sults an* 
unibirmU aei-uiate Then* is praetieally no error due to distilla- 
tion. and as repirds extent of dilution, it was found that the iileohol 
HI 25 e e of strong H|)int when ililiitisi with water even to the extent 
of .91(1 c e ami the .solution saliiiultHl with salt, euiild he enlinJy 
reenvennl iji the Iir4 KMI ee of (he distillate. 

The metiKNl, as desi'rihed, is applienble to ]»n‘parotioiiH eon- 
tainini' ehloroform, ether, beiirnldeliyde. and eHt4‘rH. In tho 
prater number of other eases for exampln, esseiieea of lemon, 
junificr. (lepiiermint, and saiital oil pro])arationN -a single extrae- 
tion with pi'trolenin ether is siillieient For eanqihor pn>parntioiis, 
25 c 0 of normal aiiljihiinc acid solution an; umsI instead of eominon 
Halt, and a single extraction with liglit jiotnilcuin is made, the aeid 
being neutralised with caustic Msla solution before tho alcohol is 
distilled off. 

Special devieea are occasionally necessary to eliminate volatile 
foreign bodies from al(*ohoIir liquids, Chloral, for instanec, may 
be removed by heating the solution with caustic soda under a 
reflux condimscr, the chloroform thus ]>roduced being afterwards 
extracted with light petroleum ns usual. Coumarin, again, which 
distils to some extent with alcohol, is converted into the sodium 
salts of coumaric and coumarinic acids by the same treatment, 
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mill <‘an tliiin Im* i‘liiiiiimt(‘(l Si>iiic(inir.s, ton, extraction of a 
NiiliHtaiicc cun lulvaiitagiHiii.sly inaili* with clilnnifonn, curlion 
tetrachloride, ether or ofhi'r Holvcnt, thi‘ n'Miliie of \\hieli in its 
turn may ha\e to 1m* extract ed with |M'trolenm ether 
Another methiMl of eliminatitif; volatile oIIh and Home Minihir 
MdiHtunecH Ih to dilute the Kaniple until it containK about 2(1 2.') per 
cent of alcohol by volume, Hhukc it uell with poudereil inuKiieMUin 
ciirlMiiiatc, and tiltcr The follouin^ example of a combination 
of this treatment uith KubHcquent chemical ri'inoval of acetone 
IH ^iven by licach and Lythf^M*,' for the cuhc of a deiiatureil alcohol 
containing liKht petnileiiiu and acetone 
Take 2.5 cc of the Hample and dilute it to KNl ec with uatci 
.\ilil about .5 fjraniH of |ioudcivfl magnesium carbonate, shake well, 
and (liter The filtrate will be free fniiii petroleum, but will still 
eontiiiii the acetone and aleoholH 

\ iiieaHiiied |iortion of the iiltrale, .5.5 ee, is washed into a 
distilling ll.iHk and treated with 1(1 giains of powdeied pot.issnim 
bisulphite, and after standing an hour is ilistilled. .5.5 e e of distill.ite 
being eollis'ted, This is fiee from acetone, but contains some 
sul|>hurou.s acid, and in onler to mno\e tlits it is distilled with 
.sodium hydroxide, the fiiuil distillate being niadi* up to .5.5 e e 
(for the deteriiiiiiatiori of spis'ilie gra\ity and ndiaetion) 

II. Concentrating the alcohol. Kor (eitam oi the 

reactions described furtluT on, the alcohol is required to be of 
about (Ml |M'i cent stmigtii, or more Wlu're the iodides aie 
piH'pared, for example, as in the nitnuiiethnne test for inelhvl 
alcohol or in the Hiehe ami Bardy process (]> MI2), 1(1 e <* of 
strong alcohol an* used 

A n*ady means of obtaining this fniiii a weak distill.ite, without 
using a fiaetioiiiitmg (sdiiinn, is to take such a (|unntit\ of the 
li(|uid us will give 11 or 12 ee of the re(|uired strong alcohol, 
saturate it with eominon salt, ami distil off about one-third A 
liberal (piantit) of dry jiotassiuiii carbonate is then added to the 
distillate, the inixtun' nMlistilk'il, and the requisite quantit} of 
distillate eolleetod The imtassiuin carbonate forms with the 
water pn^ent a heavy layer under the seiMirated alcohol, and the 
lalUT can be distilliMl off at high 8tn*ngth. 

Suppose, for example, that a strong tinetiire.or essence containing 
about 90 per cent of aleohol has purified by tho Thorpe and 
llolines method as deserllied in the jireviouH section, and it is 
now' pciiuimr to apply one of the abt>ve-nientioned tests to the 
distillate Since 25 e e, of tho sample have been diluted to 100 e c. 

* /. diMcr Chem. 4'oe., 1905, 87. No. 8. 
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the alcoholic of the distillate \iill Im> ahoiil 22 o |M'r cent 

One-half of the J(N) cc will \ield iiinrc than siiilieieiil ,s|)iiil fur 
one of the e\|)eriinent>. in i(iieMtion Hence TKl c <■ air taken, 
jiluced in a tla.sk, satunitiHl uilh halt, and Hi »r 17 ec distilled 
off ; the quantity thiiN obtained ih nsiistillisl fiiini )iolasMiiin 
earhoiinte and 10-1 1 c e collected Tina wiirbe ot Miilalile stivnKtli 
for converHion into iodide 

For coiiccntratjiiK verv dilute .solutioiiH eoutainiiif;, sa>, a 
few Hniths jier cent, of aUsiliol -the liquid nia\ be partly saturated 
uitli either caleiiiin chloride or Hodiuin i‘]ilond(‘, one sixth to one 
third distilleil off. and the o|N‘iution repealed if necessary on the 
distillat(‘ Thus H F Ihieon found that olN) i‘ e of a 02 per cent 
solution, after addition of 200 f^raiiis of (aleinni i blonde, ^ave on 
di'itillation Oils per ei'iit of it.s alcohol in the tiist IlM) ee ol 
distilkite, and the \ihole in the first lot) A similar solution, about 
three fourths Nitiirated with sodiiiin ehloride. also ^mve up OtI H jH‘r 
lent mthelirst MKIcc , and on .siiiiilaiU sailing the liilleri|iiantit> 
and rediHliIbn)', the alcohol wuh obtained uithout fiiithcr Ionh in 
the first TiO e e of distillate 

(If a still weaker solution, containiiiK only 0 I per cent of alcohol, 
1 litie was taken, and di.stilled after beiii); about three-fourtliH 

saturated with .sodium chloiidi* The first I.TO distillate 

were siiMilarli salted and ledistilhsl. witli the rqfiult that !)(i jier 
lent of the ah'ohol oiigiiially pnwiit was reeo\ercd in the first 
io (; c of (he sis'ond distillate ‘ 

Jl\ one or more of the oiMTations indicated above, eth\l and 
iiieth\l alcohols an' sejiarutisl fnmi the other eoiistitiients of 
ini\liin‘H in a condition of .suflhieiil purity and streiiffth for fiirthiT 
exuiiiination The final distillate obtained may of course eonlaiii 
erther or both of these two alcohols 

III. Identification of methyl alcohol. - A useful 

ri’VU'W' of the chief reactions which had been used for the 
detection of methyl alcohol previously to the jear IlMt.'J Inis 
been Riven by II Si-uddiT.* Some of tlie main fioints are 
mentionial in tlie section which follows 

1’ho ti-sti for methyl alcohol are priiicii»ttlly used for the deti'e- 
tion of this suhstonee in ethyl alcohol Hence their value is 
dependent first ujmn the shurpnisw with which they distiiiRiiisli 
betw(*en the two ah'uhols, and then on their flelieacy and rapidity. 
OceuMionally, however, it is merely a question of identifying inetliyl 
alcohol alone, mixed with more or less water, in which casi* iX'adier 

» Cinular 74, 1911, H.**’. Ihpt. Agr, Itunau of C'AcmiiSry 
> J. Amer. CUm. Hoe., 190S.^. S92-9U0. 
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mcthmlH of no ^rcat dcpTC of delicacy arc called for. The first 
three iiielhrKls given below will generally meet such ca^cs 
Methyl formate reaction.- Diiwolve a little sodium forinati' in 
nlioiit 2 c.c. of water, add 1 or 2 c.c. of the liquid to b(‘ tested, 
th(‘n flour into the mixture an equal volume of strong sulfihiiric 
acid. On mixing the* contents of tho iulM‘, warming a little more 
if necessary, an (xloiir of methyl fonnate is devcln|M‘d if methyl 
alcohol is prmmt. The iKlour recalls that of chloroform. 

Boric acid flame reaction.— Powder some borax finely, and mix 
it in a porcelain basin witli a few* c c of the ahoholu' liquid which 
for this t(‘st should bo fn-o from niid, and strong enough to burn. 
Allow the nihKture to stand for a minute or two and then igmto 
the vapour. A gn*cn coloration is iinpiirti'd to the tlamc if methyl 
alcohol is pn'sent in suflicicnt quantity, wlif^rcus eth;^l abohol 
gives tlu* coloration only after sulfihiiric acid is added About 
r» [MT cent of mctliyl alcohol in cth^vl alcohol can be tliiis dcti*(tcd 
(K I'icHzczck)^ 

Formfo acid reaction. - The liquid to bo tcst(‘d is mixr'd with an 
c(|ual volume of fid fKT init Milfiiiune acid, and introduced into 
n Hiiuill Ihisk in winch has bcim placed 2 or 4 grams of powdeicd 
poiasHium dtcliroiuuic and about Ti ci*. ot water Att(‘r miviiig 
and allowing to stand a few miiiutch, the contents of tlic llask an' 
<lilut<sl with an iMfual volume ot water anil distilled Pormie acid 
is priKbieed by I lie oMilatioii -- 

dlls OH I 0, HdOOlI i 11/). 

The distillate' is ncutralisiHl with sodium ciirhonaU* and cvn|M)rnti>d 
to cxfM'l any formaldehyde or ai'Ctaldehvdc that may have hern 
.formed during the oxidation. A fiortion is tiieii tested with feme 
eliloride solution ; if a formate is pn^si'iit this gives a n’d coloration, 
flestroyed by liydnichloric acid. But ns n similar red colour is also 
given by acetic acid (which will he prraent if the original liquid 
contained cth\l alcohol) the result must 1 h' confirmed. To do tliis 
add solution of silver nitrate to another portion of the evaporated 
liquid ; on W'arming, n black or brownish-black dofKwit of reduced 
silver is pmduciHl. 

Or a fKirtion of the evaporated liquid may be heated after adding 
to it a little mercuric chloride solution ; a white fireeipitate of 
inercumus chloride is given if a formate is firesent 

For a quantitative method of estimating ineth}! alcohol by 
cimvcrsion into foniiic acid, see p. IM. 

Conversion Into formaldehyde.— Many of the tests which have 
I PAorm. ZeK., 1013, U, 86a 
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iMsen proiMtfied tor (l<>to<‘tinK thi* prm'iKi' of inotlixl alcoliol do]i<'ii(l 
upon tho oxidation of the alcohol to fornialdeh\d(‘. and the n'cof!ni> 
ton of tile latter hy a colour n‘aetioii of Mime kind Thim ])enif{eH 
employs the tiell-knoaii SehiiT or (la) on reaction uitli decoloriz'd 
fiiehzne solution t<» show the iircM'iiee of the fornia1de]i\de, Hono 
(p. 17(1) uses an ulkaliiu* solution of plu'iiN]h,\ilrn/.iiie and sochniii 
niiroiini-Huh' ; Mulliken reeoininencLs the* ii^soreinol sul])hiirie iieid 
test, and lliiikel uses the nMietioii with nior])hiiie und aul])hiirie 
acid. Ciulli<‘ neid and ])hl<iroji;lii« mol hH\e iilso lut'ii employed 

I5> fur the most p'liernllj useful proeiss is tliat devised hy 
Denises, 1 \ihieh is eariiinl niit as follows : Into a ti'sl tuhe, ehoseii 
of rutli(‘r wide diameter to facilitate admixtiiie of the vunoiis 
liipiids, tl 1 c of the stroiif; nieohol is iiitnsliieed, followed by 
T) ee of a 1 )ier i-etit suliithm of potasNiiim isTmanfraiiiite, and 
0 2 <' e of stroni; Miljihunc aeid. 'Hie li<pii(N are mixed and allow imI 
to stand two or three niinnt(‘S ; then I e.e of an H per cent, solution 
of oxalic Held H added and the tiilH' a^ain shaken Kajiid decolorisa' 
tioii of the liquid ensues When the solution Ium hecome of a 
sheriv V'llow' eoloiir, 1 et of stronf( siilphiirie nud is added and 
tlie whole well mixed , the deeolonsalion now iiecomes complete 

of deeiilorisi‘d sohilioii of fiiehsiiie are next added to the 

lonteiiK of the tuhe In the course of a few minutes a \ lolei colour 
ap|iears, the dcptii of which de|K'iids upon the proportion of inethxl 
iholiol ill the liquid under examination Kxeept m eonsidtTahle 
dilutions, the colour geiieralK attains its maximum intensitY l<y 
the end of fifteen minuti's With 10 |wt i-i'iit of methyl iih'ohol 
it is extremely intense, with 1 js'r cent, xerj stront;. and apim'iiahle 
even at a diliitiori of tH |mt leiil Thi' lest is not eoiii‘Iiisi\e 
unless the alcoliolie li(|Uid has Ikvii pnqs'rl^ piinlkHl, us pl^cerol 
and several other siilwtaiiees fri\c n Himitar leaetion 

The decolorised solution of fuehsiiie (Si lulls reAf;ent, (ja^on'n 
reagent) eiiiplnvxl hy Denigi's is pic|Mmxl as follows To a litre 
of 0 1 per cent solution of fuehaini: add 2tl e e. of soliilion of wMliiini 
bisulphite at 3(r He., aiul after live to ten iimiuies janir into (he 
mixture 20 ee of pure lixdpxhloric; aeid (]> - - I IH). At the end 
of an hour or two the reagiuit lieenmea eolourlem, and ia tiu'n reofly 
for UHc. 

A modified form of this methixl, afla]iUsl for tlie quantitative 
determination of methyl aleohol, is described a little further 
on (p. 183). 

According to A. Bono,* aliout 1 per rent of methyl alcohol in 
ethyl alcohol can be detected by the following proeeas. 

. » Comp*, fwai., 1010. lAO. 030. 831. • Chem. Zeit., 1912, 38, 1171. 
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•Seventy-live re. of the Munple, eontHining alcohol equhnlent to 
JO e.e. of strong alcohol, an* dirttillcd, and the va])oiir ])a8scd direct 
into a IIumIc coriliiiiiin;' ilO cc. of oxidiNirif; solution. The latter in 
n Holiition of ladasHiiirn hicliroinate, saturated in the cold, and 
coiiluiiiiii^' 110 of Hulphuric acid ])er litre The deliver} -tiihp' 
di[M to the bottom of the aolution, and the vapour after passing; 
throuf(h the oMdisin^ mixtiin: ia kil into a eondenacr and collected. 
No formuhh'liyde ih found, uh a rule, in tiiu iirat 2o c.c of the 
distillate, which may be n^jccttsl. The next’ 10 c.c. arc colb-cted 
apart, and 2 cc of it an* tcHted for formaldehyde by addinir to it 
lO dropH <if 0 pi*r cent aoliition of pheii} Ih} ilrazine hydioehloride. 
I dropof 0 ojier cent Holiition of Kralium iiitropnisHide, and IOdio]iH 
of 10 per cent .solution of .sodium hydroxide. If an} forma ldc}i}de 
IS preH<*iit, iL blue coloration is obtaini'd, changing to gicen and 
afterwanis to a }ello\viHh-ml. 

A mon* Hummiiry pnM*<*MH is thus dc.scnbed by iMiillikcn.' 

l)i.ssolvi‘ one dnip of the alcohol in !t c c of water in a (1 inch 
test-tube Wind a piece of rather light copper wire round a lead 
pencil, HO that the c‘io.scly-eoil(*d spiral hIiiiII form ii cylinder 2 cm 
111 length, while 20 cm ih left unbent to Hi‘rvc as a handle Oxidise 
the spiral supcrlicially by holding it in the upper jiiirl of the ilanu* 
of a lbinM ‘11 burner, and then, while still at a red heat, plunge it 
into the alcoholic snliition. (This treatment o.\idi.s(‘s a poition of 
the metli}! ah'ohol to forinuldeliyde ) Withdraw' the spiral 
immediately and eisil the test-tube with iiiniiing water llepeat 
the oxidation of the solution twice by the method gneri Add 
one or two dnips of 0.1 ]M‘r irnt nipibous solution of re.son‘inol 
Pour the mixtiin* slowly into a seeoiirl inclined test-tiihe containmg 
ll-Ti ec of pun* concent rat i*d .sulphuric acid If forniaIdch}ili* is 
present, a contact ring is formed, and on very gentle shaking, 
Hocks of a cliiiracteristie n*d colour apja'iir. A emit act ring is 
also given b} ncctaldc*hyde, but the lliK'ks are of a colour varving 
from yellow to brown. In this fonn, the test will show about H to 
Kl |N'r cent of iii(*th}l aU*ohol in etli}l alcohol. 

A niodiliixl and more tlelieate form is due to Mullikui and 
iSeiidder.’’ The oxidation is carric*fl out in the same way, but the 
ai'ctaldeliyde is n*nioved by Imiling the solution down to about 
one half its volume Moine of the foriniildehydi* is always lost in 
doing this ; the best n*sults an* then'fon* obtaintxl by evaporating 
down under diminished pivasiin* at 20® to :M)'\ With very little 
formaldehyde, the formation of the eharautt*ristic floi'ks is alow ; 

> ** Iilt'iililicnliiiii of I'UH* Organic ComiwundH,’' Vol I, p. 100 

> .Imcr. CAein. J., 1900, E«, 444. 



n CnmBTRY OP IfiniHX AND KTHYL ALCORDU m 


hcnn* aftor adflitinn i>f f(ii1|ihiiii(‘ a<‘ifl thr solution i'm Hllovnl tn 
gtniifl fiirtliPH* iiiiiiiitr'4, ami thru shiikrn vm p>iilly for one iiiiiiiitPi 
11 ) ax to f'liusr till' tuo lii(uhi Hiirfurrx to iiii\, liiil siouly iiml not 
pxrr>xHivi'ly Tlir fnriiiiition of the n'd ilockx im a n(i'('S.sar\ juirt oi 
thi' (I'xl, ax ri'ii iiiiiliict rin^ arc pivcii hv otlici suiistimi'i'x. etf, 
acctoiir ami riiim'tJi\l ctiixl cnrhmol .MclJivI I'stcix, iiirlli>l 
otiiiTh, ami M'comiarx’ ami tertiary liiityl iileoliolx ^ive tiie miiiio 
re.'U'tion ax iiietlixl aleohoi Tiiix form of tlie ti'st Mill detix t iilioiit 
2 to 2 [ler eejit of niellixl aieohol in etiivl alcohol, 

^Tlie methiKl of iiviiiatioii |ip>(M)xixi i);i limkcP ix .somcMlial Icxh 
xciixitue than the forc^'oiri|; About .1 {ler cent of mellixl aieohol 
III eth\l alcohol can lie (letecteil b\ it \iiiiiioniiiiii |ici.xiil|i|ialc ix 
ll•^cll an the oxiilixiii^ a(;i‘iit 

Aihl II S ^ram of thin nalt to I c c of the nicoliol. folloMcd b]^ ‘I c.e 
of siil|i|iiini- aciil (2ll |h r feiil ) , liilule the iiiixliirc miIIi uatcr to 
a bulk of 20 cc .iml distil it Collect the dixtillalc in fi'iicliiilix 
iiie.iniiiiiii; 2 ( <' each, until ii\e are olitainixl The lirxl two aic 
rejei led ax (hex loiitaiii a« etiihli'lixde , the othern iiie texted 
b\ .iddiiiL' a fi'M diops of s(»liilion of n)ni|»hnie lixdroi hloriile 
(I in 2011) to till' lh|uid and then eaiefiilh |Miniiii); a Inxer ol xtroiit; 
siil|iliiiiic and doMii the side of the lube If fonn.ililelixde in 
present, a xiolet niif' is pnaimed at the xurf.ue of lontint of the 
ai id and iip|N>r liipiid A blank e\|KTiiiieiit on pun* ethxl alcohol 
should be done at the name tune At elahlcli^xfle a deep oianpe 

•lour ilinkcl found that liacex of foinialdchule, enonf4h to ^ive 
u faint violet rin^ Mith the morphine test, Mere aluii^xx piodmcd 
111 oxidiniiig ethxl alcolioi, Mhether Milh |N'rxiil])hate, )icnnanpiniite, 
or liichroniiite 

Phlorogluclnol may also Ik* used as ii text for foripaldehxde It 
f{ive.x a colour xarxiiiK from >elloMixh-red to violet -red, aecordinp 
t<o the n'hitive concent rat loiix of the formiildehyde ami jihloro- 
'kIiiciiioI Aeetaldehxde, lumever, uiilcxx in verv sinidl (piaiititx. 
alxo t;ixes u colour, and, inoreoviT, ethxl alcohol iiiay inidci 
certain conditions <if oxidation xield trucx'x of formaldehyde, ax 
noti'd by lliiikel Hems* the aix-Uldchydc iniixl be removed, and 
a compArative cxiierimeiit ^houlll be imulu Mith eth}l alcohol 
The Acetaldehyde may 1 m* eliminatrsl by dixtillution ax dexeribed 
by Hiiikcl ; or by boiIinf< the Ihpiid down to about one-half ita 
bulk ; nr by oxidixinft Mith hydrogen jNToiide, cxeexx of the latter 
' being reinovixl with ii little xrKlinm thioxulphate Milution 

Oallle acid alxo givex a delicate n-artion uilh fonnolrlehyrlo 
I The liquid to 1m* (cxUxl Lx mixed with fl 2 c.e. of a xaturated alcoholic 
* Ami/yflr, ms, 88. 417. 
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Bolatlon of fjallic arid, and poured carefully on the top of Home strong* 
sulphuric acid contained in a tOBt-tube A ring of Iduc colour, or 
green and blue, is produced at the surface of contact if formaldehyde 
is present 

Sangld-Ferrif^ro and (juniasse have applied both the phloroglueinol 
and tlic‘ gallic acid react ifins for the detection of methyl alcohol in 
absinthe.* Fifty c.c of the distillate are mixed with 1 c.c. of pure 
sulphuric acid and then treated with 5 c.c of a siituraU’d Holution of 
|x)taHNium pi'rnianganate After a few minutes the lirpiid sliould 
have a brown (‘oloiir, and if any cxeess of jwrnianganate has 
used, one or two drops of a eoneentraled solution of tannin are to 
ho added. iSodiiim car1)onate solution is th(‘ii added iiiitd a slight 
alkaline reaction is obtained, the lupiid filtered, and a ])nrt of 
the clear filtrate treiit(‘d with 2 c c. of a (i 1 p<‘r eent Holution of 
phloroglu<‘inol and lee of a strrmg solution of potassium hydroxide. 
A bright red colour is givt^n if the alisinlhe contained inc'thyl 
aleohol ; any j ellowisli-rosi^ or violet colour i.s disregarded. Then 
to confirm tht' n^sult another part of the alkaline lilt rale is A(>idificd 
with dilute Hiil]ihuric aeid, and shaken uitli a feu eiiitigrams of 
powdeml gallic acid until the latter has dissohed, when a little 
stnmg Hulphiiru: aeid is eaiitioiisly )»oiin‘d doun the side oi the 
tube. After a few sf'coiids a blue eoloration appears at the rone 
of contact if formaldehyde is pr(>si'nt 

II. Seiidder eniiHulers the eoiiiirmatnry iiart of the test (with 
gallic acid) as of no valiu*, Is’caiiHp the reac'tion is loo delientc, and 
may ho |irodueed with trai*eB of formaldehyde yielded in the oxida- 
tion of ethyd alcohol. 

Two other proocHHi's dept'iiding u|K)n colour reactions given by 
formaldehyde may he briefly mentioned. 

G. Franoesotal detcHits methyl aleohol in l>ev(*rnges and tinrtures 
hy distilling 20 ce and colleeiing 1ft e.c. of distillate, whieh is 
again distilled and See (Hilleeted. This is oxidised with a glowing 
cop[K*r H])iral, and the solution is divided into two fiortions. One 
of these is treatinl with I drop of 10 per cent, solution of sodium 
nitroprusside and 1 drop of piperidine ; a blue coloration indicates 
the presence of ethyl alcohol. The other portion is boiled for one 
minute, a drop of phenol is added, and the solution poured on the 
surface of strung Riilphurip acid ; a red zone develops if the sample 
•■niitainod methyl alcohol.* 

U. Pulentt proceeds as follows : Five c.c. of the alcohol, diluted 
to 60 c c , are distilled with 3 grains of sodium persulphate and 

> Ann. Ckm. andl , 1903. %. 82-3 ; Analytt, 1003. 28, U8. 

>> J. Chtm. Soe. (Abit.), 1916* 108. a. 68& 
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10 0.0. (if ?() |MT rent. Hulphiirir At'id from a 250 o.o. flaak The 
dutilliito is o()lloot4sl in fracthiiiH. i^aoh of nlHiut 2 o.r , and the 
fifth .sill'll fraction is tc^t4sl uith Schn’vcr’s n'a^cnl Thin roafP'id 
consiMts of 2 o.o. of a fro8hly>pro]mml and liltoii'd Miliitioii (1 |M‘r 
cent) of |ilu'nylhydni/.iii(' h\drochlorido. ) oc ol fn'ahIy-j)n'|iMn*d 
polassiiini fi^rric^anido wilution. and 5 co of coni'cntratisl hydni* 
chloric acid it ^ivon a nsl coloration with formaldehyde It la 
claimed that 1 {lart of ineth,>l alcohol in KMN) parta of ethyl alcohol 
may he dctectis] iii tliia manner Too iniicli formaldehyde diniinibhcri 
th'- sciihili\cne.sH ; hence if the colour i< not \cry dintinct tho 
dlHtilliite should he diluted and AKaiii teated * 

Trlllat’s method,^ as Improved by Wolff/ The principle of thia 
method ooiisistH in the transformation of niethxl alcohol into 
form:ild(‘h\i1e and iiielh^lal, followed h\ the condeiiHatioii of theae 
priHliK ts with dimeth,\Iani|ine Tetranieth,\ldiiunino-diphen\l- 
rnctliane m oht allied . 

('.II.NC'".). 

By oxidation of thia \\i1h lead dioxide, in a aoliition hli);;htly acid 
with .Kctic acid, a line lihie c(»loni1ion ia pnaliiced, iiitriisiliiMl by 
heatim; 

Procedure. In a roinid-hottomed. ahort mocked flank of 3fH) er. 
c.ipaiit) place 2(Ht ce of a niixtiin' < onlniiiiiift, |M‘I li(n‘, hO ftruina 
of |)«)l.iNSiuiii dichromate and 8.5 c e of Hidphiiric aeid (1) -■ 1 8'I5). 
Add 10 c c of the alcohol to Im* huted, at IH) cent. Htrciifdh, or 
elae Midi a (plant it> us will eoiitam tliia amount of alrohul. Nide 
by Hide with the main ex|periment (airy out also control experi- 
menta with (1) pure etIiU alcohol and (2) cth>l alcohol containing 
0 2 per cent of mctli\l alcohol. 

Mix the alcohol thoroughly with thn dichroniiite aoliition, let 
the mixture .stand thl^l,^ minutCH, and then diatil it dowly. Bejeet 
the tirat 20 ce. of dintillate, as this portion contnins ueetaldch\dc 
and ethers which mask the final reaction. Collect the next 50 e,e , 
distilled slowly, in a small atopiM'ied ilaak of 51-52 e.e. capaeity, 
and add 1 e.e. of pun* diniethylanilinc (b.p. 102*^). Close the flaak, 
which should now be ({iiite full, hermetically ; and keep it during 
eiglitcen to twenty hours at a tem]a*rature of 15 dS” to effect tho 
condenaation. 

Pour the contents into a round^bottomed distillation flask 
(120-125 c.e ), add 3 granules of pumice and 4 or 5 drops of phenol- 

> J. Vtum. Roc. (Abst.}, loia. 108. ii, £88. * C'omiS. remf., 1 miWt iK. 

* Ann. Itul. Patimtr, 1B02» Is, 8. 
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|ihthiLlriri Holuticm (I jmt litrr) , th(‘n from a burette run in 
Hoiliiiiii liy(lro\i(l(‘ solution (HiO ((rniiH per litre) until a iN‘rnmnent 
rose eolonition is just obtuined. Non distil olT 3t) e.e to eliminate 
till' eveesH of ditiieth\Ianiliiie, cool the n'sidiie in tin* Husk, niid add 
to il 3t) e (■ of uuter and 1 e.e of ^laeial Acetic aeid. Shake well, 
and remove 10 ee of the mixture to n smnll test-tube Make a 
HiisprsiHiou of hsid dioxide in uater (4 grains jier litri'), and add 
A feu dro|»s (tlu' sam<‘ number in tht‘ controls as in the imiin experi- 
meiit) to the contents of the test-tiibis which then do e uith the 
thiiiuh and iinert a time or tuo If meth\l alcohol uas ])reseiit 
A line blue colour is ])rodiieed The pun* ethyl alcohol sluaild 
show no blue tint ; or in any ease, if a slif^ht (‘oloration should 
ap|N>ar, too turn'll imiNirtanee must not lu^ attributed to il. After 
the tniK's hav(‘ been eompareii they may be lusited to tlu' hmlm^ 
point ol the lupiids and afrain examined at tin* end of live minutes , 
the dilfereriees of colour are thus mmh acei'iilnattsl. 

II Seiiddi'i*' remarks that this melhod delu'.ite and fairl\ rapid . 
(time reipiired, about live liiair.s) Ihit it must be used with care, 
as the lest may be spoiled by slifrlit variations in pr(»eedure, or 
eviMi someliines by eaiises of iinkiiouii (a'i}{m when thi' pioiesR 
has biM'ii strictly (‘arried out TIu' chief object ion is that all the 
aeetahleh^de must he removed, olln‘ruiM‘ an interfermjj colour will 
n‘sul(. lint some mrthijhl distils over with the acetaldehyie, and 
hence, since the test de|HMids ii|M>n the methvlal, if mdv a small 
(luaiitit^v is present the lesult may be vitiated. 

J WolIT- has foiiiitl that spirits contniniiifj; eaiamel or sucrose, 
wlu'ii treati'd with chromic acid and distilled in a ciiirent of steam, 
yield ]N)1\ merisatioii ]>roduetH of formaldehvde which Rive the 
strong blu(‘ colour ns above described on treatment with dimeth,\l- 
aiiiline and lead |M>roxifle It was found that lawiilose, whether 
added din^etly tir nrisiiiK from the hydnilvsis of eane-siiKar, was 
tin* onlv sii^ar ffiving this reaction Ibmee spirits eontainiiifr cane- 
siigar, invert-siipir, or eantmel should Always be n'-disiilled before 
they an* examined by the foregoing process (Distillntioii is, of 
course, a general |ireeautioii which shmild be taken whatever jinn'css 
H list'd ) 

Catalytlo dehydrogenation ol methyl alcohol to formaldehyde.— 

Methyl alcohol jiasstHl tiver heated cojuK'r is decomposed into 
fonnaldeh} de and hydrogen (Sabatier and Senden'ns) This 
renetinn has bcH'n uwhI by Mannieh and Geiliiiann^ for the dctec- 

* /ilV fll. 

• JtiiN. hM rhtm Slur., I(N)7. 24, 1023; (Absl.) dna/j/Jif. 1007, 32. 333. 

> Pharm , 1010. 254. r>U. 
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iion (if mdlnl (ilcolinl jii miiioiih Ii«|UI(1i. Tlir \a)Kiur nf llir 
liquid iindiT ('xniiiiiiatuin l^ |ia.v4‘(l uwr piiiiii((‘ iinprc^iinti'il uitli 
mluml copiKT nnil lioidod to 2*^1 .‘ftHi In tin* (■ondi'iiM'd prodiicl, 
the forinaldchydc vliit li is di'toctcd li\ tlii' \iol(‘t (‘oloialioii 

di‘V(‘l(i|K‘d on triMitiiHMit uitii niorphuK' and Mion^ >>ulpliunc acid 
OH ulrcadv d(*s( nU'd 

All aqiK'oiis '(ohition contamiii)! Ill jmt tciil of iiu‘tli>1 alcohol 
|zi\c^ a (oiidciMitc uliich dcvclo|^ tin* (oloialion \ci\ faiiilh atlci 
one hour In luciiti -lour liourN the coloiii hironie> iiion* distinct, 
thou;!li still faint Tli(‘ method is stall d to he iisidul fm di‘ti'ctin^ 
meth\l alcohol in hlond oi urine, a positnc result hi'iii^ ohtaiiK'd 
from as little .is Olll ;;ram of tin* alcohol in IlHi i c of i‘ith(>r of 
the.se hipiids. The hlood or iiiim* houcier. must he liaetionali'd 
to com (‘iitrate the melh\l ahohol. .ind the fi.'iition coiitainiii;; the 
latter iiuisl he hoiled foi some tilin' mill fieshiv i;;nit(‘d animal 
charcoal liefore heiiu; passed o\er the eatahst K\en with thi'se 
precautions the lataKst (rradu.ill) la'cnnies poisoned 

111 oidei todetirt metinl ahohol III tin* pii‘.s(‘ne(‘ ol elh,>l ahohol 
the mi\turc is (JiIiiIimI if ne(i‘ssar}, to eoiitaiii ahoiit oil pi‘r iciit. of 
water, and parsed o\er tin* latahst Aielaldelixih* is leinoved 
from the comh'iisate h> heating; it in a \a(Uiini. and tin* ri'sidiial 
liipiid tested for foimaldeh,\de with moiphiiK' and sulphiirie acid 
.(s 1)1 foie It the ori^unal inixtuii' (ontaiiis h'ss than I [ler cent 
ol llleth^l alcohol the diluted solution should hi* lepeati'dly 
fruetionated iM'foiv the test is applied to the ftadioji m w'hhli the 
ineth_Nl alcohol has hi'eii eoncentiated II r» JNt cent of inetli>l 
ahohol III brandy can In* detcetid by this priM'isH 

The fore>;oii)K method is imludcd here because it iiitiodiicfK 
a n(‘W jtrinciple, the dehydni^enatioii of methyl ah'ohol by heat 
instead of conyersion of the alcohol into formaldehyde by the 
nnlinary oxidation jiroeesses Jt may be ustfiil in special eusea, 
but ap|M'ars to be Icsh sensitiyc, and is eeitauily more troublesome, 
than soim* of the other jinn'es-seH 
Conversion Into nltromettaane {V. X Haikow Two liundrrK] e e 
or otliiT mutable quantity of the aainple an* aeiditied with phosphoric 
acid, and JO cc. dUitilled off. To thin, eontniiu'd in a small llaHk, 
25 grama of |H)wdered iiKliiie an* added, aiirl then 4 graniK of 
amorphouH phoaphonia ; the flaak ia at once eoniiei-ted yiith a 
reflux eondenaer and the action allow ei] to pnjeeed for tyi'ciity 
roinutca The eondenaer is then reveraed, and 5 e.e diatilled off , 
' thia ia mixed in a aniall flaak with from 2 tu 3 grama of ailver nilrito 
and gently dutilk'd, the diatillatc being eollected in fractions of 
' Eighth /Mlefn. Cong. Ap^ud Chomutry, 1912, 26i 417 
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fhn‘L' or four dnijM in fimall Uvt-tiibeH A little strong HinmoniA 
Holiiti(»n is ad(l(‘d to eiioh fraction, follouotl by a small quantity 
of a strong solution of sodium nitroprusside. 

If inothyl alcohol is present, nitromethanc is formed from it 
according to tlio well-known reactions ; — 

3CIIa OH -t- P H Ta - 3 CH 3 T f- H.POa 
CHal -f AgNOj - CHaNO, d Agl. 

The iiitronicthiiiie, when trenU'd with ammonia and sodium nitro- 
pruHside as deserilM'd, yields a blue eoluiir, (‘hanging to green and 
finally to yclhnv. lln* tmt is not vitiatnl by acetoni*, which under 
similar conditiuns gives a colour similar to IJofmann's violet 

liistt'ud of Hodiiini iiitropruHside, (' I) A1(in’/.olT employ s vanillin 
in tills test 'Po the first five drops of the distilhite from the silver 
iiilriti*, five did|ih of iiiiimonia solution and (f'(M gram of vanillin 
ui'e (ul(h‘d, and the mivtiire heated A nil colour, whu h disappi'ars 
on (‘(Miliiig, shows th(‘ pr(‘sen(‘e of iiitiomi'tliunc, and Jieiiee of methyl 
alcohol ill the original liquid. Niti’oethane undei similar eonditioiis 
gives only a slight yellow colour It is (‘laimed that thi.s test will 
di'teet om* part of nitromethanc in l(K>.IMl(l patts of iutio(‘tliane.i 

Conversion into methyl 3 : Snllnitrobenzoate (Mullilvcn) - Sr^e tho 
eon'espoiiding process for t^thyl alcohol, p. 2(M TJiu directions 
giviai by MuUikeii nn* 

'* Convert 4 dro|iB of the alcohol into its 3 fi-dinitrohcnzonte,'’ 
ns described in the case of eth^il alcohol. 

“ Boil the ri'netion-pnHlnet with 12 ee of diluto eth}1 alcohol 
(3 : 1). (Vail, shake, allow to stand for a mimiti^ or two, and filter. 
Wash w'ith 2 e c. of stnmg cold aMiol lleerystallise from 12 c.c. 
of boiling dilute aleobol (3 : 1). Cool, shake, allow to stand for a 
ininuto or two, and filler. Wash the crystals with 2 e.e. of cold 
st rong alcohol. Dry at a teinjierature not above 100^ and determine 
the melting point. 

Tho erystallino methyl dinitrobenzoato obtained in this reaction 
melts at lOT'fi” (uncorr.) *’ 

Conversion Into 2 : 4-dliiltrogiil80le (Blanksma).— This reaction 
corresponds witli the one noted on p. 202 for ethyl aleohol. The 
sodium derivative of methyl alcohol is formed, and by its action 
on l-ehloro-2 : 4-dinitrobonzcno the compound CJIs(N0|)|'0 GH| 
is obtained, and identified by its melting-point, Sfi'fi**. 

iV.’-Determination of methyl alcohol in tha 
presence of ethyl alcohoL—ln the following pages an 

> ZeiUeh. Omvsm., 1814, 27. 460, 
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lioRi'riM incthndK ran l)o iimil for tlir ratiinatiuii of iiiptliyl 
alcohol when pFeaent in mixture with (^tliyl alcohol. (Vrtaiii 
proccsMca arc includinl here which an* cHM^iitially (|iiiihtAtivt\ but 
which can iieverthchwi 1w imuic to yh‘hl fnirlv fEiMMl approxiinaU^ 
icmiiUm by coinpariiiion with '' control " ox|H'rimcntH made on known 
inixliircM For example, the time-honouied method of Riche and 
Burdy, tiHlioua hut triiMworlhx, can le cmpln,\(Ml in tliia 
wa\ . 

Ah re^funlH the lM‘ht iiK'tliod to use in iiii\ particular coia*, much 
will rlc|)ciid upon the prohalde pni|K)rtion of niethvl alcohol in the 
mixtun* No one inctluHl will KUit every ctiM‘ The ri'fniefonietric 
proec.>s. for niNtame. wtnjhl Im» um'Icss hi examining wimhI naphtha, 
on uctfiunt of the acetone pn-simt , the knIiiIc uiethtHl UM‘d for 
wood iiiiphthii would he intipplieuhle (without rnodificution) when 
eth\l alcohol ii al^o a coiiHtiiuent of the mixtim^ eKiiminisl , the 
oMdalinii |)r<)eeH.s of Tlior|M‘ and llolmcH is not aiiitahle for very 
Miiali ipiantitu^h . and h) on Moieover, H|Hirt frou. the ipicHtioii 
of proportion, it nun luipfHii that in |Nirtuulur circuinhtanceH one 
pnices.s will he ad>antageoiih hk rom|Nired w'ith aiiotlier, though tlio 
l.itl<‘r nia> lie usiialh the iM’ttcr But ho fur hh it gr'iiiu'al indien- 
tion can he gneii, tlie following eomineiith will nerve iik a Uhcfiil 
guide 

For \<T> Miiall (|uaiili(ieH, ranging up to .'1 or 4 pei cent., IVnigiVa 
priH'ess as modilicsl hy the writer (p 1st) will U' found, in general, 
by far the Im'sI to ii.se ICveii when the proportion in ah iniieh oh 

to It) jKT rent of the total aieoholh, the nielluMi eaii often he iineil 
to advantage, though of eoiirHo any erior in matching the eoluura 
ia then miiltiplusi rather largely, Hinec only uhout 0 01)2 to 
0 tN)4 gram of methyl aleohoi js ernployiHl in the netual eomparihon. 

With moderately large prniNirtioiiH of niefh>l alcohol- Hay from 
5 to 15 per cent — the pna-esH phijmimhI by ThorjM* and Holmea 
(p IHH) gives quite hatisfoetory rphults With atill larger imqxir- 
tions fair c.stinintionH may he made by iiirariH of the immereion 
refraetometer (mt Chap VIT). But in onlinary proctiee the uoacj) 
are few which cannot lie treated by one or other of the two methods 
first mentioned, confirmed if necessary by the Hhortenml form of 
the Uichc and Hardy prooem, or by Huch of the remaining methods 
as may best suit the. ciFeurostancrs. (For (iie determination of 
methyl alcohol when no ethyl is present, see under *' Wood naphtha" 
and " Alcoholometry' ”). 

: Deniges's method, ‘ modified by the author.^ 

The principle of this very convenient method is the oxidation of 
f 1 Comft. mdL,- 1910» IMk MS. • Th§ AmOfih I9l8. 97* lA 
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tlifl tnrtliyl alcoliol to foriiialtU'liyilr, ilikI llu* (Irtrction of the lattor 
by itiriiiiH of iScliitf'H n-fi^rcnt iii thi‘ pn'hFiicc of Hulphiiru* 

acid to |»rcvi‘iit the dcvcbipmcni of colour with any aiHdaldchjtie 
foniK'd from IIh* ethyl alcohol during the oxiilation. 

The follouiiiK HolutioiiH are recpiin-il -- 

MtMsium funufiiHiunatr -2(KirainH of KMiiO^ )ht UK) c.e. 

Onilir arid J) 5 (Iraina of the eryNtallised acid ]»er UM) c.c 

rmjent DihhoIvc 1 gram of pure fiicliHine (rosaiiiliiie 
hvdnH'hloridc) in alioiit half a litre of hot uater, then add, little 
liy little ai^l shaking uell after each addition, 20 c e. of a saliii.ited 
aipo'oiis solution of sodium bisulphite, followed b\ 10 e e. of strong; 
hydrochloric acid ('(niI. and make the bulk up to 1 litre with 
distdicrl water The n‘af^‘iit slio'dd ^ive no colour with pine etliO 
alcohol will'll this is tri'iited as desciilH'd below. 

Mfthfil alruhul 1 (Irani (s'C litn*. in 10 |»<'r (*ent ethvl alcohol. 

The aleoholic niixtiiiv, piirdied h\ extraction witli pclioleiim 
ether us almiih described (|) I7ti), is diluted with water or nii\cd 
with ethyl alcohol, as the case may reipiiiv, until it contains 10 per 
cent of total alcohols 

To .1 cc of this pri'purcd liipiid contained in a wide test-tube 
ail' added 2 ."i cc of the iM'i'inaiieaiiiilc solution, and then 02 ci 
of stroiijT sulphiirie acid, and the Inpiids niiKcd When the icai lion 
has priM'ceded alsait tlinr minutes, 0.1 cc of the oxalic and 
solution is added, to dissolve the preciiatated manganese oxide 
On shaking, the Inpiid beismics clear and nearl;y colourless 1 0 (* c 
of strong siilphune acid is now run In and well mixeil with the 
solution, which is liniiliy Incited with .1 cc. of the SchifT's reagent 
A violet colour is deveIo]M‘d in tlu' course of a few nimntes if nic'thyl 
ah'ohol was pmsent, iiiih'sa in mere traces, when tw'eiity or thiity 
minutes may la* reipiircd 

A preliminary exiH'rimeiit carried out as described .st'rvea tu 
detect the ])n’sencc of methyl alcohol (if this is not aln'ady know n) 
and to f{ive some idea of the quantity According to the indica- 
tions thus obtiiimsi, another part of the prepaml liijiiid is further 
diliitisi, if nm>ssary, with ethyl alcohol of 10 |H'r cimt stn'ngth 
until it contains fnnn 0(M)1 to OtKM grain of methyl alcohol in 
I'l c.e. ; and the ex]M*rinient is riqieated, side by side with two or 
more standards for coni|mrison Thesi' contain 0(K)1, 0(M)2, 
0 OIW, etc., gram of methyl alcohol in r) c.c of 10 ]M*r cent ethyl 
alcohol The colours produced arc compared in smiill Ni^ssler- 
tuliea (25 c e ), or in a suitable colorimeter. 

With properly sensitive SchifT's reagent, as little as 0 0003 gram 
of methyl ah'ohol in Uio 5 c.o. of liquid taken IB readily detected. 
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TIm* l)CHt «l(‘|)tlis nf (fjidiir fur i‘oiii|iuri't«iii, Iidwcmm', iirr lliosi* (jncii 
Dy thr f<)nnii1<l(')i\4lr in ihc iiianiuT (ImTiltnl fnnii 

qiiaiititirM of (MM)1 to 0(M4 of iiiotlnl alcohol 

It ia convenient to kirp n htiuiilanl solution (I ^rain ]mt litic) 
of incth\I alcohol in ID |N‘r cent ctlnl alcohol This is ihliitcil 
as i'ci|uirc(l uith ID jmt cent clh\l al(‘(»hol to foini the stan(lar(l.s 
for coMi|mrison The stn'ii^th ot the alcoholic iiiixtiirc for oMila 
lion IS <hoscn at ID per cent for « on\ eniiMicc. as tlu' distillates 
ordiiiaiilx olitanicd arc of higher ahoholie strenf;tli, and can thus 
he diluted down to the riHiiiiied dc^rei* instead of liaviii}; to he 
cniiccnliated or inixcil uith stioii);ci alcohol 

The pMKcss h.is the adMintajfcK of (i) hein^ lapidK e\eciitcil. 
(:!) rcqiiiini^ onl,\ a small qiinnlil\ of material, and (•!) hciiiK 
diicitlv appliitihlc to lelatixch ucak distill, ties It is cspccialli 
suitahlc for the cstnihition of sniiill qiiantitn's of mcthxl alcohol- 
sax fiom D I up to 1 per cent in elhxi alcohol 

Formaldclixde. of (oiirse. must he aliwnt fitmi the imoxidiMil 
solution of alcohols or else its elfect must he dclerninicd iind ulloucd 
for (SlMcrol must also he ahseiit 

Notes. The quantiti(‘s of iea}!ents mentioned should he measiiied 
a( < 111 , itch. es|ie(i,dl\ in i<‘speet of the permaiipiiiale solution and 
tlu' sulphiiiic acid Within limits, the foiiner governs the quantity 
ot fornMldeliMh' luodiieed and theiefore, pnmarih, the ilileiisiiy 
of colour ohtained Tisi litth' t<i(iil sulphuric acid uoiild allou' 
of <‘ol<iur dcNclopin^r frcuii tin* acetaldehwh'. as well as fnmi the 
tormaldehxde , whilst to<i niiiih lesH*ns the iritensit,\ of tin* colour 
Irom the latter A <*oiisuh>rahle excess of Hulphura neiil at the 
oxidising staRc max result in mhiic formahh'hxdi* heiiiK ]jroduced 
e\eii from etiixl aholiol itself AKaiti, if the final volume ot the 
liquid is inen'iised eonsiderahly as by the addition of ID ei* of 
iSehilTs ifiiKi’iit instead of T) <• e tin- coneentnilioii of the sulphurn- 
a<id may be so iiim'h ixkIucimI as to allow of eohair ilevelopiiiK 
from the acetaldehyde. Ibit pn»vide<l the fJirw-tioiis itixeii an* 
adhered to with reasonable rxaetnew there is no risk o! any such 
crrorH arisiiiff A useful entieiani of the metliiNi has Iwen written 
by (i (Veil Jonin * 

To rilitain the gn-ah-st degrro of niiuraey, it is iifeeshary to 
tn-at the bample and the standanls quite alike as n*gunls quantities 
of n*ugenta The second quantity of sulphurie acid addwl, for 
example, may not be exactly 1 0 e e -- it may be D D c- c. or 1 1 c »■ , 
but 80 h»ng aa the ttame xroliinie is addeil to aaiiiple and to standard 
this Hiiudl variation will make no differonce to the revulta. Provided 
t Analiftl, 1915, 4ft 
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all the oilier coiiditionH an‘ rigidly adhen'd to, the lH\st way of 
iiiereaxing the Hoiisitiveiiesii of tho teHt in, in the opinion of the 
writiT (jiKilcd, to use 5 e c of permanganate Bolutioii instead of 
2 5, and as a eoim(>([uetico, 1 cc. of oxalic acid solution instead 
of 0 0 c c. 

'Hie purification of tho distillato by extraction with petroleum 
ether as indicated should never be omitted, unless it is known 
tiiat iiitefb'ring subHlanees are absent. According to K. Salkowski,’ 
many difTenmt alcoholic liquids yield a distillate whieli gives a 
nMictioii iiulieuting the pruseneo of methyl alcohol when tested 
by Dciiigos’ri method. I'hesc should therefore be purified as indicated. 

iSome thit'o years or inoro after th(‘ foregoing process was 
jmlilislu'd T. von Fellenlierg desenbed the same method with 
some slight inoilifications.^ ife adapts it, for use with a distillate 
which may contain only aqueous methyl alcohol, by adding a 
mixture of ethyl alcohol and dilute sulphuric acid befon* oxidation. 

liis subsequent application of the nietluKl to the detiTininatiun 
of pectin in spices, given a little later on. 

hiliiiH Klvovc has applhxl the process to tlu* detection and estima- 
tion of methyl alcohol vapour in air ® He finds that tlu* sensilive- 
m'SH is incn'atM'd for this purjiosi' by rediu'ing tho proportion of 
ethyl alcohol present from Jt) |)er cent to 0 5 per cent., the quantity 
of oxalic acid being increased to 0 7 c c on account of the deereahcd 
amount of ethyl alcohol, lii tbeso circumstances, as little ns 
0 1 mg of mctliyl alcohol showed a coloration on btanding for 
4t) niiimtes. 

(1'his is, of course, a different problem from the dctc'ction and 
estiinntion of met]i,>l alcohol occurring in ethyl ah’ohol, us the 
methyl alcohol vapour is absorlH'd in unlcr.) A definite volume of 
air containing the vapour is suitably passed through water, and 
to estimate tho methyl alcohol in this or any similar aqueous 
solution proceed os follows ; 

Ascertain by a preliminary cxpi'rimcnt the approximate amount 
of methyl aleohol in tho solutioti. If this shows that 6 c.c. of it 
contain more than 1 mg. of methyl alcohol, dilute so as to bring 
it within this limit. Mix 4'5 cc. of this diluted solution with 
0'5 c.c. of 4 per cent, etliyl alcohol. Similarly, prepare several 
5 ec. ])ortion8 of standard methyl alcohol solutions by diluting 
tho proper amounts of a 0 1 per cent. (01 gram per 100 c.c.) aqueous 

* Zeiitch. Nahr. Oenuenn., 191^ 88, 225. 

■ In Mia. LabetumUdunfers. Hyg., 1915, 6i i; ■/. CJkcia, (Abst.)^ 
1913, 108. li. 687. 

> J. Ind. Etig. CAam., 1917, 8 » 296. 
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Hohitioii of methyl nieohol to 4'i'i ei* uitli wiiIit niul then adiliiif; 
0 i) c.c. of f*) per e4*iil ethjl aleolml to eitdi Tliefle HtuiulanlK 
nre made to vary by 0 I mfr of ineth\l alertiiol, ujid the liiiiita an* 
chosen so as to hriii^ the uiiknouii solution f(U’ e4itiiutioii Mithin 
their raiif^o The liquids an* then treated with iiennangannte. etc., 
as already dcseribed. but using 0 7 ee of the oxalic oeid instead 
ofOflec Before adding the SehilTs n'ageiit, the sohitiuiis are 
allowed to cool to the ordinary tenija ratun* for the sake of iiiiib niilly 
in treatment ; and after the addition, they an* allowed to stand 
forty minutes liefore lK*ing eom|)iin*d. 

The direclioiia gi\en h\ KKoxe ftir pn |iaiiiig the iSelnlTs n*ugeiit 
are substantially Himihir to tlioM* almul) noted, hut a weighed 
quantity of MMlium sulphite is useil instead of a Hatiiruti*!! 

solution of the bisul|)lute (t2 (iiani of linely jtowdered fuehsino 
H dissolved in about 12t) e e, of hot water and (*r)oh‘d to the onlinary 
(('inperaiiin* ; 2 (1 grams of aiili\dnaiH mkIiuiii sulphite are dissolved . 
in about 2ll e (* of water and added to the fiieiisnie solution , ilien 
2 0 e (' of h>di'oeblorie aeid (sp gr 1 111) ate added, and the wholv 
diluted to 2<M) (*e with water After standing for alaait an hour 
the solution is ready for iisi* 

Another nilerestiiig applaation of the iiiethcal has larn made 
by T \o!i Kellenberg, who has used it for the deterinination of 
p(*(liii 111 spiees li\ estimating the methyl al(‘ohol d(*ri\(sl from tho 
]H*etin ^ From 1 to 2 grams of the sample are phieisl on a tiltcr 
and treated with small quantities of boiling tl.'> per leiit aleohol 
until the filtrate ineasiires nlioiit 40 e e Afti*r a similar ln*atmenl 
with light ]K*trc)leum. tin* eontents of the lilter are dried, transferred 
to a flask, and distilJisl with 40 e e of water, 20 e e of distillatv 
b(*nig cnllecied The inixtim* in the tiask is now tn*ated, while 
hot, with 5 ee of JO p(‘r cent simIiuih hydroxide solution. After 
five, niiiiutes, 2 o e e. of dilute siilphune aeid (1 : 4) arc added, and 
10 2 ce are diatilled over This distillate is hiixihI with 0 drojw 
of 10 per cent silver iiitrato solutifin and again distilled, 10 e c. of 
distillate being colleeted and again distilled Tlie tinal distillate, 
measuring exactly 6 ce., is weighisl. Three cc. of it arc then 
treated with 1 e.e. of an aleohol -sulphuric acid solution (21 c e of 
95 per cent, alcohol and 40 c.c of cone, sulphuric acid diliitid 
with water to 200 c c ), and 1 c.c. of 6 per I'cnt pormanganato 
solution Gornparison solutions c^ontaining 6 mg., 1 mg., and 0 3 mg. 
of methyl alcohol, respectively, are similarly treated at the same 
time. After two minutes, the mixtures are each treated with 1 c.c. 
of 8 per cent, oxalic acid solution, 1 cc. of cone, tulphuiio acid, 

> CAmi. Zenlr., 1916. i. 630. 
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and i) (‘ of in(iKi'nta Miil|)liun)iiM arid Mdutioii (SidiilT’s or Gayon's 
n‘agrnt), and the rnhtratiunti obtained are runijian'd after the 
lapM* of one* hour. 1lie (Krtin content of the Raniple iu ten tini(‘H 
tlie cniitniit of nii'thvl alcohol. 

Method of Thorpe and Holmes.^—ThiH pnaess ib 

hiiHcd upon the fact that, under the eonditiona deseril)ed, nietli^l 
alcohol iH completely oxidiscHl to carbon dio.\ide and aatcr by 
tn‘atmcrit with |K)tuMNiijm diehroiiiate and .Mulphiiric acid, \ihereab 
ethyl alcohol in th(‘ Mime ciniiniHtaneea gives acetic* acid. 'Ihc* 
carbon dioxide produced is thcii weighc'd 

The* lupiid in Ih' analysed is mivcHl uith watcT in such pn)poition 
that r»lJ c.e. of the mixtun^ shall contain not mon* than I gram of 
methyl alcohol, and in the prc'scmce of cdhyl alc'ohol not more* than 
4 grams of the mixc'd alcohols 

Kifty e.c of the diliitc'd licpiid an* then intriHluc'csl into a Mask 
of about 3(M) c e capacity, 2t) grams of potasHiiim dichromatc* and 
HO e e of dilute sul|ihurie acid (1 4) added, and the* mivtiire alloMcd 
to remain for eightc'cii hours. A furthcT cpiantity of 10 grams of 
potassiuni diehromate and AO ec of stremg sulphiinc acid mixed 
with ail eiiiial volume of water an> now addend, and the* conlcmts of 
the (task healed to the boiling point for alsmt Icm minute's, the 
evolved carbon dioxide IsMiig swept out of the ap|Niratus by ii cuiic'iit 
of air, and after drying with Hiilphiine acid, collected in weighed 
soda-lime tubes From the weight of thus obtamed a deduc- 
tion of 0 01 gram is made for each gram of ethyl clcnhol pri'scnt, 
as it has lieeii found tJiat the pnN'ess of oxidi.sing ethyl alcohol in 
the nianiier descrilH'd is always accom|uiiiicd by the ]miduction 
of carbon dioxide in the pmiiortioii stated The remainder, 
multiplied by 112/44, gives the eciuivalent weight of inc'thyl alcohol. 

The iiiifNiratiis used for carrying out this pnicess is as follows. 

The tiask In which the oxidation is isM-formed is tilted with a 
ground-in sto])|M>r carrying (1) a funned tulic with stop-cock, and 
(2) an e.\it-tube also fittc'd with a stop cock In the absc’iice of 
a ground-in stopfHT a two-holed niblier stopjH'r cun be employed 
The funnel tuls' pnssc's nearly to the iMittom of the flask Its 
iipiM'r end is littcHi with a nibln*r stop|ier and tube to make coiinec:- 
tiem with a soda-lime receptacle for freeing incoming air fniin c'arbou 
dioxide. 

The exit-tulH' is attached to a small U-tube containing a little 
soap solution, in order to retwin the bulk of the W'atcr and any small 
cpiantity of oec'tic acid which may distil over during the Imiling 
At its other end tliis U-tubo is connected with tho absoriition 
* Tnin«. Uhm. ^oe., 1904, 85. 1. 
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train This cniiKists cif, iirht. twn U-tn))i‘H nmlaininf; |tiiinu'r 
iiiuiMtcmMl vith Hiilphiiru' atiil tn dry l)ii‘ piMcs (‘XIH'IIimI , ih‘\1. 
tuo ucighod U‘tulH‘s aiNla-liim* tn ahaorlt llir (ailion 

dioxidi* , and fiiiaM\, a ^iiard U-tuho (oiilaininj* hoda liinr in lhi‘ 
iipur limb and calriiiin chloridr in thr fnrliiri linil). uliii h la attaclnHl 
to a Hiiitablr aapiralor Th(‘ t.irrd soda liino liilii's ronlain, iia iiNiial, 
a 1ittl(‘ recent 1\ -heated calcium chloride at tin' lop of eai>li limb, 
covered uith a layer of f;lass ormtloii iun» 1 to kirp tine paitielea 
(ait of the exits The arran^einciit is. of (“oiiihc, tested Mitli a 
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nirrcni of air fn‘o from COj to iiMcertain that the ueif^ht of the 
larcd tubes remains constant 

Til ]XTforniinf{ the exjieriiiKiit, the oxidation llask ih kept cooled 
in an iee-lmth during the addition of the fiist (pinnlit> of dii hroniiite 
and sulphuric ocid. It is then connected up with the alworption 
train, and nllow'cd to stand at the ordinary t4*ni|)eratun* all niglit. 
In the morning the second quantity vf diclmnnatc and ai'id is niii 
in through the tnp-fiinncl ; the latter is then eoniiwted with the 
air-pnrifying vessel, and a gentle current of air freed from carlioii 
dioxide is asi>irat(Hl through the spjiaratHH, Heat is then ajiplied, 
and the liquid kept boiling gently f«>r about U n minutes, when tlie 
flame is witlidrawn and the apparatus allowed to cool down, the 


ALOOHOti 


OfOAT. 

ourrcnt of air being niaintainerl long enough to ensure that all the 
carbon dioxido evolved is carried into the ubHorption-tiihoH. The 
latter am then roniovMl and neighed. 

Details of an actual oxijcrinient are as follonw. 

Tu'cnly'five e c. of a mixture containing ethyl and methyl alcohola 
were purified by Thorpe and Holmeu’s method (p. I TO), the distillate 
being made up to 250 e.c. 

tSiiecific gravity of distillato 0 i)873, — 0 30 per cimt of total 
alcohol by volume, - 7 ‘452 grama per 100 e e. 

Fifty c e of tint diatillate (— 5 of the original aamjile) therefore 
contained 3*726 gmiiiH of total alcohola. Tbia on oxidation yielded 
0 2524 gram of (^l^. 

tiCt X “ grama of ethyl alcohol, 
andi/-- „ nu*th>I 
in the 50 e e. taken for oxidation. 

Then .r I - 3 726 . (i) 

Also, since 1 gram of ethyl alcohol givea 0 01 gram of CO 2 . 
and 1 gram of methyl alcohol givea 44/32 gram of CO 2 , 
and the total CO, prodiicinl is 0 2524 gram, we have 

OOU |-44y/32 -0 2524. . (ii) 

(Solving the two fliimiltnneouH eqaationa (i) and (n), we find 
a- -3 5084 and y--- 01570. Whence the proportion of inctli}! 
alcohol in tho original aample -- 0 1570 x l(M)/5 - 3 15 grnina |kt 
UK) e.e. Dividing this reaiilt by tho ajKTilic gravity of methyl 
alcohol, 0 7004, wo get 3 1)5 ns tlie iwrcentuge of nietliyl alcohol hy 
volume in the original Bamplc 

For practical pur[K).scs, it 8iiflice.s to di’diict from the weight of 
CO, found a ipiantity - 1 jier eent of the total alcohol— therefore 
ill this cnao 00372 gnuii- and calculate the remainder to methyl 
alcohol, though tliia givea a rt'Siilt aliglitly lower than the truth. 
Tliua 0 2524 - 0 0372 - 02152 net CO,; and 0 2152 x 32/44 = 
0 1565 gram methyl alcohol in tlic 50 c c of diatillate oxidised. 
Wlionce tho pmportion in the original aample, calculated as before, 
is found to bo 3 93 per eent. by volume. 

W. Koenig' modifies Thorpe and Holmes's method slightly, and 
gives the following dotaik A fiaak of 1 litre capacity is used 
for tho oxidation oiK'nitioii. It is fitted with a tw’o-holed rubber 
stopper through whirh iwsaes (1) a dropping funnel closed at the 
top with a Boda-liino tube, and (2) a reflux condenser connected at 
tlie upper end with tho aliaorption train for the carbon dioxide, 

> Ohm. 191S, 81, 1026-1028. 
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Thbi train oonnatH of. flnt, two dik' oonlaining i*a1<’iiini 

chloride, tlin other Hulphuric add and ])uiiiii'f‘ atone ; next, Ino 
tart*d U-lu)icfl (‘ontaining MMla-limo; and liiially, two giianl-liihea 
rontaiiiing wida-linie and otilduni chloride. 

Air fm-il from CO, is drawn throug}i tlie apjmratnH, and the 
mi.\tiire of ine!li>l and ethyl iileoholN jioasi'fl into the iliiak. From 
/» to 10 ee of the mixed iileohola are unwl. neennling to eireum- 
HtaiK'cs The oNidiHiiig mixtura, eondtiting of lU) giamri of |H>taHHiiiin 
hielinmiiite in r»tK) ee of water with .'Mi e c of sulphuric acid 
(sp gr 1 H4). which haa iNsm hoihsl for liftf'cii niimitw and then 
otMiled to IS then run into the Ifnak from the dro))])ing-funnid. 
Tlie contents of the flask are mixeil and allowed to Hiaiid four 
hours, after which the\ are hent^sl slt»wl,\ to the hoiling |)oiiil and 
hoiled foi an hour To hweeji out the eurlKin dioxide from the 
flask, air is .isjiinited thrraigh the apparatus, at firal gently, and 
then more rapidly, during nhoiit forty-five iiiimifes. after which 
the ahsorptioii-tiilK's are weigluHl The weight of cirlion dioxide 
• ohtaincd. nniltipluMl liy the factor 0 72H, gives the amount of methyl 
alcohol in the (|uantit,\ of alcohols taken 

Puie ethyl aholuil 111 the eonditioiiM descrilx'd ^deldinl earlwm 
dioxide e<|iii\alent on an average to O.'i per cent, of methyl alcohol. 

.Mixtures made up to crmtaiii fnmi 4 to 15 |M'r cent rd methyl 
.dcoliol ga\e n^siilts agreidng with the theoretical (jiianlities within 
d <1 lit ] NT cent. 

W A H Wilks^ lias also piihlislied the results of an inx’cstiga- 
tioii upon TfioriN' ami Holmes's method, and di'iSTihes a moditied 
pmceduie which redu((‘s the correction for oxidised ethyl alcohol 
to t) fK4 gram of earlNiii dioxide instead of the t) 01 gram iiiilieiited 
in the original priKTss Ja'hh siiljihiinc acid is used, and tho 
teiii]MTAtiiro IS ki'pt low during the initial stagi's 

A solution of .3U grams of ]K)tassiuiii dirhromate in 1.50 c e. of 
water is lirst run into the distilling flask, which is well emded with 
a freeriiig inixtiiFc When the contents are Ihorunghly cold (a 
largo proportion of the dichnitnaU* ciystalliseH out), .50 c c. of the 
auilably diluted sample are added, and liiially, in small quantities 
at a time, a mixture of 20 c e. of sulphuric acid and 20 e.c. of water 
^^bmixiously cooled in a mixture of icc and salt Tho flask, connected 
absorption apparatus, is allowed to stand overnight, and 
theMf^atcd to boiling and the experiment concluded as in the 
origB process Under these (onditiona the subtractive corrcc* 
tioni 0-004 gnm of C0| for each gram of ethyl alcohol present. 

i^Euetin No. 1, 19H, Wcllcomo Tropical Reocarch Leboratorira, flieinical 
Fub. hg the Sudan Govenminil. 
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Riche and Bardy's method.— Oqp of the nHi>8t and 

iiioni tniHti^orthy proccsM^H for the dotcv'tion of mi-thyl alcohol in 
the presence of ethyl alcohol i» that deHcrihed by Ki<'he and Hardy * 
ft is Ijased H])tm the conversion of the two alcoh(»ls first into the 
eorn'spondinK ifslides and then into the alkyl anilim‘s, by the 
oxidation of uhich a violet dyestulT is pnKlueed from the diinetliyl< 
aniline, hut not from thi* ethyl (‘ompoiind As f^iven hy M Louis 
(’alvct,* the j)nMesM is as follous:— 

(1) Conversion Into the Iodides.- Place Id ee. of the alcohol to 
be tcstisl ill a tlat-lMittoiiKsl dusk of !H) ce ca))aeity containing 
lit grams of iodine, add 2 grams of nsl phosphorus, attach the 
llask to It condenser, and uarm gently to distil th(‘ iodides. Ueis'ive 
th«' latlfT in a vessel eontainirig 20 ee of watiT. 

(2) Combining the Iodides with aniline. -Pour the iodides and 
the ualer into a M'pnrutiiig funnel, and draw off the iodides into a 
flask similar to that iisisl in (I); ndil It) grams of pure aniline, 
and heat under a relliix condenser. 

(2) Conversion of the hydrlodldes of the ethyl- and methyl- 
anilines Into the free bases. - VVlum the ahove-mentionisl reaction 
is eomplelis dissolve the n'suHing erystaliine mass in ahoiit TiO ee 
<»f hot water, and decompose the hydriodides with an excess of 
sodium liydroxide solution (l> ■* I 32) The free liases separate 
us an oily layer which is allowed to eolleet in the lus-k of the Husk 
(4) Oxidation of the methyl- and ethyl-anlllnes. - Take 1 c e of 
the liberated bases and mix* it intimately with 10 grams of oxidising 
powiler eom|H)H4'd of . - Sand, 100 grnniH, eo|))HT nitrate 3 grams, 
ami siKliiini chloride, 2 grams Place the mixtiin* loosely in a test- 
tube, and heat itdiiring six hours in a water-hath kept at a tem]K‘ra- 
tun* of !)0 Then fill the tube with alcohol, )M>ur the whole contents 
into a nickel or |)or<'elaiii husin of alxiiit a litre rniiaeily , add 
200 e e of water, laiil to ex|K*l the alcohol and to precipitate resinoiiH 
matt4>rs formed during the oxidation, filter, and make up the xolunio 
of the tiltrate to 500 e c with water. 

(r») Dyeing. -Meaaun* out 2t) e c of this filtrate into 250 e e of 
w'liter, eoiituinod in a iMUXvIain Imsin of TitN) c.e capacity and heat(*rl 
on a water-hath. and jilaee in it a square of cashmere of 1 dein. 
side Heat till the dye is completely extracted from the hath, 
stirring the fabric from time to time with a glass rod Compare 
the colour thus obtained with that given by a control p\|)criiiient 
on ethyl alcohol containing a known quantity of methyl alcohol. 

The proeesH has the advantage of yielding dyed material which 
can he pnwrved and ^inMliiecfl as evidence of the presimee of iiu thyl 
' Vofnpt rtniL, 1879, 80. I()7(k ' “AlcooW p. 100. 
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alcohol. In thr form jiiit doMTibiMl, iiouoviT, il is (fiiNct, 

lt)C. fit) not to In* ra)iiililt' <if 4l(*ti‘4‘lini; imMh>l i»l<'j»hol iiiilt'K-^ tiu* 
Iatt4*r is to tin* t*.\N‘tit of 11 lo 2 |M*r ciMit of the mixtiin* of 

niroliols Moreover, it is wniioMhiit k*ii^tli\ 

.Much smaller p'rnjiortioiis cun In* ilvtisiisl li\ the folloMin^! 
iniNlilication of the melluNl u*4sl iii the (lovernmenl Lihoiiitorx, 
fjundon Tile jinu'ess is also nuu'h HhortisusI 
‘ Ti-n e (■ of tile aleohol. til utrt*ii^li nt»t less than So per cent . 
art' pliieetl iii a llask of ulmut 7r» ee. en|Hieity. eoiitainin^ 10 ^ruiiis 
tjf ptmtlensl itxline 1 .1 (frams of nsl piltl^phonls uif then ntltleil, 
iintl the llask eonneettnl nl oiiet' with n retliix eondeiiser The 
rent turn uimim-nefs aiiiuMt iinmeiliiiteU When it has eeiiMsI, 
ami after reverhinj; the isimleiiser. the mixture is mIouIv (listilleil, 
ami 0.1 e e of the mi veil itHli'ilt's eolleetetl umiei unttT in n very 
Hiii.ill .leiiaratm^ funnel maiketl to sliou this volume (0.1 ee) 
A t'lilihs eomleiiser about ti inehes long is eonveiueiit for the 
(Jist illation With small pioporlitiiis of ineth;^l iihohol sueh ns 
the method IS s|K'eiall\ ilevHed fur tieleetiiig, most of the meth>l 
‘iotlide vmII he preMiit iii thl^ 0.1 ee liiietioti 

The mixed KHlides thus oht.iiiied an* then run into n small uitle- 
nei ked lUskf.Vh'e tapaeitv) tontaiiiiiigtl.l e e of nrentlv ilistllled 
aniline The llll^k is hsiM'iv toiked. and alhnied to slaiitl for 
thill \ minutes or so on a sand hath nl n ti'm|M‘nitiire of ahoui (iO 

'1 he (iNsfalline mass of alkvhiuiliiie hvtIiiiMlides thus ohliiinetl 
H dissoKui 111 *10 to .K) ee of Harm until, and decanted from am 
small glolnile of unehangi'd aniline into a separator of iihoiit 100 to 
1.10 ( e eaimeity Tuoei of siMliiitii Indroxide solution (l> 1 •'!) 

an' now athled, and 20 ee of |M'tiohiim tlhi'r After shaking the 
mixture and nllouing it tt» separate, the louir liner is run ofl and 
flisennied, and the ethereal solution uaslusl tu'iie uitli n little 
water It is then |Hiun‘tI into a uidems'ked flask (lOO i.e) eon- 
taimiig 5 grams of oxitlising mixture (sand, KM) grams, lopjier 
niKale, 3 grams, Htslmin ehloride, 2 graiim) The |M>troleuni ether 
iii evniioraled olT, ami the flask heated in a steam tfieri at apjiroxi 
.niately 100 for hours 

The dyi* thus formed is extracUsi hy iligeslirm uith .lO e.c ol 
boiling aleohol for two or tliret* miniites untler n ndlux eondenstr 
When eoJd, 5 e c. of the oleolitilie extraet are (iltored cilT ami inadt 
up to loo r e. with water 

Of this diluted dye .1 e e. arc added to 400 t e. of hot water, ant 
; a piece of clean Berlin wool, 18 inches long, is iinmerstil In tin 
solution. The latter is then kept at about (10 ' for twenty minute, 
or so, with nccoaional stirring, in order to fix the d}e on the wtwl 

• ■ 0 









After rinHing tho voril in water and allowing it to dry, it may bo 
coiled into a Hat coil and attached to gummed paper for comparison 
of its depth of violet colour with that given by control exiierinients, 
oarrii^ out in the same nay witli pure ethyl alcohol §nd known 
inixtnrcH of the tw<i alcoholH. 

Ah littlf‘ as 0*1 |kt cent, of methyl alcohol in mixture with ethyl 
alcohol can bo thus detected. With much laiger proportions, 
the whole of the dyi'stuf! will not be extracted by the wool, in 
which case a smaller quantity than See. of the diluted dye— say 
1 or 2 c c." should be taken to make the dye-bath. 

With a littl(« practice the method can be made approximately 
quantitative for Hirnill proportions of mcth>l alcohol. It is a useful 
(‘onlirmatory process in spi'eially-iiniK)rtant cases. 

Conversion into trimethylsulphine iodide —When 

we have obtained a mixture of ethyl iodide and methyl iodide from 
the alcohols by treatment with phoHphoniH and iodine, the quantity 
of methyl iixlide can be ehtimat(‘d by a method descrih(‘d by 
G. Reif 1 This depends upon the fact that methyl iodide reacts 
in the cold with methyl sulphide to form trimethylsulphine iodide, 
whilst ethyl iodide dues not form a similar compound The 
trimethylsulphine iodide behaves as a salt of hydriodic acid, and 
may be estimated voliimctrioally by titration with standard siKcr 
nitrate solution. 

Formic acid method.*— This Jirocess is based upon the 
oxidation of the methyl alcohol to fonnic acid by iiicunH of 
hydrogen peroxide, and the estimation of the formic acid by the 
mercurous chloride reaetion. 

The sample is cooled to 5®, made alkaline with sodium hydroxide 
solution, and tri'ated with successive portions of 3 to r> cc of a 
1 per cent solution of hydrogen peroxide This reagent is added 
first at intervals of thirty minutes, and afterwards at intervals of 
forty-five to sixty minutes, until no more gas is evolved The 
oxidised liquid is then allownl to stand for eight hours. 

At the end of this jicriod the excess of hydrogen peroxide is 
destroyed by means of sodium thiosulphate, the solution being 
then acidified and distilled with steam. The distillate is collected 
in a receiver containing a si^pension of calcium carbonate in boiling 
water. About 700 c.c. of the distillate having been obtained, it is 
filtered hot, the filtrate evaporated to diynees, and the residue of 
calcium formate, etc., heaW for an hour at 125® to 130®. It is 


^ itrfteif. Kais. (Jeavnd.t 1916, 60 , 60-60 ; in Zutaek. ongew. Chtm., 1010, 
28 . Kof. 82. 

> R.l8ohnuodel. PAsm. Amr.-A., 1013, 51, 709-710 ; AnaJ^, 1913. 38. 808. 
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then (U 8 W)Im'(] in lOU cc. of ndter, and tliu Holutioii extiiu'(v<l 
twice with 25 cr of ether. Ilic aquetwiH laxer m mixed with 
2 of eryntailisod aodiuin acetate, Hlightly uculilied with 

hyHroi‘hloric acid, and heated with 100 e.r. of a 5 ]ji^r cent Holution 
of mercuric chloride for two huum in a iMtilinff wnter-batli. The 
|in‘cijiitiiUKl incrcuruuH chloride is washed by decantation with 
hot W’-atcr, filtered on a Gowh crucible, waidunl again with hot 
xrater and then with alcohol and with ether, and drinl to constant 
weight. 

Kacli gram <»f Hg,Cl, thus obtained --- (J <>875 gram of H ('l)OH 
-.0 0078 gram of CH, OH 

P6rinailganat6 mathod.' For tiu^ ilctcmiinatKtn of NMinll 
(jUMiititiori of methyl and ethyl ah'oholN in h<|ui‘oiih wiliition, 
•J lIctiMT^ proiH)fteK a iiicIIkhI bascil u)Mm two oxidationa of the 
liquid with ]H rmaiiganate One oxidation is carriixl out with 
acid iiermangnnate, the other with an alkaline Kolution of tliia 
reagent 

SohitniriH required — 

(1) Acid A 72 K.Mn()| 16 grama of KMPO 4 f 40 grama of 
(rxMiilliMxl phosphoric ni'id m 1 litn* of water. 

(2) . Alk/tline KMnO| : 16 grama KMnO^ j- 40 grama NaOH (ler 
iitn* 

These two sohitiona are standardiHfd agaiiiat A72'Oxalic acid. 

The liquid to lie examined niiiat not contain other aubatain'ea 
winch reduce permanganate Previoua to the eatiiiiiitiou it nmat 
bo diluted or concentrated until it contains from O'l to 0 25 ])or 
cf'Tit by weight of total aleohula 

A preliminar}' exiM'riincnt ia made to determine the alcoholic 
Ntrciigth of the liquid Tw'cnty-fivo rc. of the aolutioii ( 2 ) are 
diluted with 50 cc of water, ^heated on a atcani-bath, and the 
alcoholic liquid addcil in small quantitiea until the colour of the 
permanganate ia changed to green The mixture la then heatcil 
fur a period of twenty minutes, when 25 c.e. of Nfi-oxaMc acid 
solution are added, and the excess of oxalic acid titraUxi with N 12 
permanganiitc. Each c c. of S l2-]pcrmanffLnhU: required ia etpiivS' 
lent to 00025 gram of alcohol. The wmple ia then diluUxl nr 
concentrated accordingly. 

For the alkaliiM oxUatloD, 25 c.c, of the solution (2) are diluted, 
heated to 40”, and 10 cc. of the alcoholic liquid added. The 
mixture is at once heated on the water-bath, and kept at 04” for 
fifteen to twenty minutes. It ii then treated hot with 25 c.e. of 
Jf/2-oxalic acid, and titrated with the solution ( 1 ). The 
> fiMwk. Nakr. OmumL, leU, M, SIS. 
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quantity of (1) rrdiicrd xlioiild not be li'sn than 7 c.o nor 
iiioru than 12 u i* 

For tho add oxidation, IK) v.v of thi* Holution (1) uro diluted \\ith 
Milter, from Id to 2d oe. uf^ the alrohulie liquid added, and the 
inixtuiT' heated under a ndliix coiidciiHer to !)4“ for tuo Iioui'h 
Tliirtv e e of iY/2 oxalic neid solution me then added, and the 
(‘\ee.s.s titrati'd Mitli NJi KM11O4 The voluriie of jierinanpiiuite 
ii'diieed nhoiild he from 8 to 14 e e , and 01 e c is di'dueted fioin 
Ihe quantity used up. 

Tlie ealeiilation is made as follows . 


L(‘t p plains of total nleohols in KMt e e of th(‘ 1](|ui(l , 
.r „ Medll in KK) grains of total nleohols , 

!f .. ee of the li(|iiid , 

2 KtOll 


a, e e ot the aleoholie liquid, and r, e e oi tiu' 
A'/2>KMu(l|, used 111 the alhihnr oxidation, 
and I'j - the eoires|ioudiiig volumes used in the ucnl 
oxidation , 


then 


d2(KI7e, 


odr 


s 

p«2 


H7, 


I*' 

KHt' 


and z 


li 

KK. 

21)1 


^]utmph ;id ee of sample ie(|iiin.d d ee ol periUiUi- 
gnnute m the tueliunnarx test 

tt X O'lHliri X - 01175 cram of total nleohols iier 


IlKt ee, --- approximateh 0(V7S jier cent \i\ Meight There 
fore lIM) ee of the sample wen’ distilled to 75 ee in older to 
bring the strength within the required limits 
In the oxidation 

(1) 2dee of the distillate = T'liee iilkalme KMnl)^ , 

(2) 4d „ ,. „ .. •-= 8-d - d I SSee neid KMnOj. 


Meiiee 


l» = 


d-2«(i7 X 
20 


7’(i 


^ lt-ldI4 ; 


.r 


5t) V 8-s 
d JOU X40 


-87 21-47 ; 


and 


50 X 8-S 

^ " d“ToT4 :■ H) 

5 = OldU - 


0 0218; 
01014 X 21-47 

Too 


= 0-079C 
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Miilli|il\iii|r thisi' \nhii‘s of y, anil : li\ To/liM) lu nimrl for 
till' prfliiniimrv uincciitiiilM), ui* li.iit* totiil hImiIioU, (M)7<i0 , 
nMli\l alc'oli I ilOlti'i. ami u'colinl u;r.iiii ]mt 1(M) i-.c 

Ilf (hr sini|iK‘ 

Othor prOC6SS6S. Niinous iillu'i MH‘llio(lh of liflirtiiip nnil 
rshiuatnii' alcnhol iii nii\liiiv uilli clliO aliolml Inno liiHii 

pro)Hisi‘(| Tlu'\ aic of kihhIiiIimmI appliiation, anil a lirirf 

irlni'iirr to om* or two will Millici* Inn Tlni'* \V. (J Tcplis lines 
Nil* alroliol o\iT |Kiiasx]uiii (.iilHiii.ite ami tln n nieasiireo the Miliiine 
Ilf li\(lr<ii>i‘n i'IiiImnI (iiiiii a p\rii ipiaiiliU In InMtiiiriit with a 
fi.i:'i]|i‘Ml 111 iMi't.illii soihiiiii 1 The piiseiice of iiieth\l ah iihiil 
nil II .l''(■s the ijiMiitilv of hxilio^'eii ohtaiii.ilih' 

V Wiilhh iletnt-o aitil eotiniates the iinthvl alinhol in a iiii\tine 
Ilf dll' (wo .iImiIioIs Ii\ nieaiis ot the iiniliiii! pmiit. aiiioiint. and 
sa|iiinilii alum \aliie of the niiveil iodides ohtaiiied fmni the sample ^ 

III dll aliohol poisoiiint; e.isis \shi<li oeeiiried in Iterliii diiriiifit 
I'd I die piiipoitiiiii of imdnl idiohol Jii the he\eia)£e taken waa 
dill iiiiiiied fioni the iesull'> of eoinhiistion aiialvses ' 

l‘! Aweiii; (iiiilirins tin pren'iiee of formiildehule, lesiiItiiiK from 
the oMiladoM of inetliv) aleoliol with |m iman|;aiia(i . h\ eoji\ertm^ 
If into hexaiin tInleiietitMiiiine with ammonia, and idintifMii^ 
mn losiopnallN the ehaiaeleristie erx-lals formed hy the letnimnie 
widi iiiiidiMi I liloriile or potaasio imTeiirie iodide * 

It ||| 1 \ he noted that aeeoidilli; to Voiseiiet' iiiiiiiile triiees of 
loiiiialdi li\de delei tihle h\ the siilphiiiie and and piotein reaelioii, 
aie loinieil will'll elh\l aholiol h oxidised hv Mi/nHhrma tinh or 
.1/ roll, or h> elei(iol\Ms, as well aa h\ oxidation with o/,one, 
liMlro^eii |H'io\iiie, ete 

.\ siheme for the exaiiniiatioii of liijinds. animal organs, ete, 
III foi'eiii'ie (Uses when* w<Kid spirit, h His|M'rteil has been yi\eii 
h\ diiNaii." It Is haM'd n|)oii the usual anaUtieal ]iinreiliire of 
xejiaraliin; Isises and a<(d.s h) means of (heir non volatile MidtH, 
so as to ohtani the neiiti.il ah'oliols, ete , in the diatillnte. 

The liipiid is aeiditied with phospiiorie luid, and the volatile, 
lii'ids, ali'oliol.s. ete , distilled oiT, leuvin^ amiriea, |iyndjiieH, and 
other hrtS(‘s in the residue 

'Die diMtilliite i.i neutralised and a){iiiii distilled, the salts of the 
aeids remaining; Ix'hind, w'hilbt neutral Ijofliisi, including aleohola, 
acetone, and nldcliv-d<‘.s, <liMtil over. 

' .4/mr. J. Pharm , 90. amt > t.'hrm Zrif , 1012, 88. 700. 

* Znivh .ViiAr OVfirM*ni. I ill J, 84, 7. * Apttfh Znt , 1U12, 87, 15U. 

^ rctvf , IfllO, 89, leu 

* Arch. Fnrmacol. Spfrim., 1913, Ub 93; CA^rn. ZttUr., 1913, i, 17f(U. 
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AlclchydcH aro “ lixvd ’* by treatment with metaphenylene- 
diamino hydrochloride (hcc Chap XI, Girard and Cuniasso's method 
for eHtimation of higher alcohols). On again distilling, the methyl 
alcohol is obtained in the distillate, together with any acetone 
present in the wood spirit, and the two can now be estimated by 
any convenient process. 

V. Methyl alcohol and formaldehyde.— When these 

two siihstano(‘s occur together in aiiucous solution they may bo 
estimated by one or other of the following methods — 

(1) If only very small quantities of the two are in question, the 
solution is mixed with ethyl alcohol in such proportion as to 
give 10 per eent of alcohol, as described for Dcnig6H’8 method of 
estimating methyl alcohol (p 183} 

(u) In one quantity of 6 ee. the formaldehyde is determined 
by colorimetric comjKirison with a standard solution of formaldehyde, 
pnieeeding just as described for methyl alcohol, but omitting the 
oxidation with ]icrmanganat<e, and using 3 e e. of water instead of 
the same volume of permanganate and oxalic acid 

(6) At the same time, the colour produced is inatehed by eom- 
])arison with a standard solution of methyl alcohol, oxidised precisely 
as required in the (wtimation of this alcohol. 

(r) [n another 5 o c. of the pri'parcd sample the alcohol is oxidised 
and the n^siilting total colour with Schiff's reagent estimated in 
terms of methyl alcohol, as deserihed on p. 184. Deduetinjf the 
n'Mult of (6) from that of (r) givra the proportion of methyl alcohol 

(2) . With larger prrqiortions of formaldehyde the quantity of 
this ingredient may be determined by one of the well-known methods 
-fg.j by oxidation with iodine in alkalino solution, and deter- 
mining the excess of iodine, after acidifying, .with sodium thio- 
sulphate. The methyl alcohol is estimated by Denige-n’s or other 
convenient method after removing the formaldehyde by distilla- 
tion with potassium cyanide, twice repeated. 

(3) . When still larger proportions of formaldehyde are present, 
as in the commercial product *' formalin,’* the process described 
by Ijockemann and Croner^ may be used. On adding hydroxylamino 
hydrochloride to formaldehyde, hydrochloric acid is liberated accor- 
ding to the equation 

CH,0 -b NH, OH Ha = CH, NOH + H,0 -f HQ. 

The acid can be titrated, and the forma1deh3'de thus estimated 
Methyl orange i.s usnl as the indicator. 

Alternatively, by adding sodium sulphite to the formaldehyde 
* ZeUxh. anal. Chm., 1915, 54 , 11. 
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wlution free dl»U is prwlnceil. and llin rHliiiMliuii may liv nuidp 
by titrating thia 

(JH,0 \ Na/«Oa f- H,0 -- rH,(OH)SOjN« } xNaOH 
In thit) catM.' rrmolic arid is iiM*d ah tlic iiidiratiir 
Tho methyl alcohol h* di'tcnnincd oxidisiiiK th(‘ mixture uith 
alkaline inTmanf^nnait^ and caloulaiing the alcohol fn>m the quantity 
of permanganate rwluwd, after deducting tin* quantity uw'd up 
by the formaldehyde The 40 ]nt mit .solution (formalin) of 
formaldehyde ia dilutefl to 100 timea its hulk uilh uater. and A e e 
of this .solution arc mixed in a flaak with 70 e c of water and 25 r.e 
of A'/2-|K'rmiinganate, euntainmg 15^2 gramK of K.VfnO, and 
40 grams of NuOll |M‘r litre After being heated on the Kteam 
hath for 20 minute.s, the mixture ih treatisl with an exceas of 
A';2 o.xali(‘ acid holiition (•‘II 51 grams of the crystallised acid with 
75 c r of strong sulphuric ac id. |)er litn*) The exix^ of oxalic 
acid is then <letermiiie<l by titration with acid |Mrmunganate solution 
<if A’/^-atrength, containing 40 gniins of cr^stalliMd phosphoric 
acid [M'r litri' lilaeh c e of the alkaline A'/2-|M>rmniignniite iiaixl 
up oxidises OiKI,‘175 gram of formaldehvdc or 0 00207 gram of 
methyl alcohol, and the quant ity of formaldehyde having lictm 
alitvidy determined the coiTcs|M)iidiiig amount of ]Nriimngiinatc 
can he ealciilatefl and diKhicted, the Feniaiiidcr being then eolcii* 
btt<Hl to niclhvl alcohol 

Determination of methyl alcohol in the blood and In the 
hody-tisiues. -Acconling to Nidouxd .small quantities of methyl 
alcohol III hliMHl may he Gstiniate<l by adding to the blood 
SIX or seven times its volume of a toituruted Holutioii of 
picric lu'id. and distilling the niixtun' If a fractionating 
apparatus of siiilahle ty{M‘ is employisl, all the niethvl alcohol is 
obtaincrl in the tint portion of the distillate measuring one- fifth 
of the original x'olumc. In this lUstillatc, the methyl alcohol ia 
determined by oxidation with potaasiiiin diebnmiate, os deseribed 
later on for etliyl alcohol (p. 2:)9). With urine or any other 
liquid of the oi^aniam except blood, it suflicca to use an equal 
volume of the picric acid solution. 

When dealing with body-iusues, a quantity of 10 to 20 grama 
la token, placed in about 40 c.c. of the picric acid solution, and cut 
into small piooes under the liquid. The mixture is then distilled 
and the distillate oxidised as above rlescribed. 

Methyl aleohol In the alr.—Metbyl alcohol vapour in air ia 
estimat^ by Nicloox by passing the air through a series of six or 

I ComfL rrnd. Hoc. 191A, 71, 59, 
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Hi‘V(‘ti wa'^li-lioUloH nintdiriin^ watiT ut the oniiiiiiry toiiipcnitun' 
Till* xiilutioii thus oliUiiitsl iH ilistillnl ami oxidiM-d uith dirlinaiiatc 
in till' Miini* wiiy as iK-forc* 

In nidrr t(t (litTcmitfato lM‘t\\(s‘n iiu‘th,\l ali'dluil and other 
suhstaiK'i's (txidisahie l>y dielinmiate, the ratio of the rnrlKiii 
dioxide produced to the oxygen used up in the reaction is deter- 
niiiHsl The volume of dichroinatu nsluecd gives the (piniititx of 
o\\g(‘n in i|ucstion l>\ a simple ealeulation. To obtain the ainouiit 
of carbon dio\i<lc. .i spei-ialh -desigm^d seahsl tiilx* is employ'd in 
which the distillate is oxhiised , the resulting earlion dioxide is 
then wilhdi.iwii by a mereiirx pump and its \oiumc ascertained 
b\ absorption III potn>'*ium h\dro\ide solution, as in ordinary gas 
amiKsis 

(Nnn>: It wiaild be simpler to estimate the metli\l alcohol in 
any of the foregoiiu; distillate^ b\ tlie authors modituatioii of 
DenigiM's process ahead \ dcMailN’d, or, for the air, by KUove's 
adaptiilion of the Siiiiie method) 

VI. Identification of ethyl alcohol. As a rule the 

detection ol eth\l alcohol pivseiils no dillicultx, though oieasion- 
allv, where minute ipiantities an* being ihsilt with, or inteifiTing 
substances .ire present, a delinite pi oof ni.i,\ demand l>oth skill and 
can* The liisl two tests des(rilH*d below will oflen sullue, but 
should he supplemented b\ one or mine of the others if the 
eiiviiiiislanees reipiiie it 

Ethyl acetate reaction. Mix a little sodium aeetaie or 
2 or I) drops of iiceln* aeid, with 2 or ,3 ee of Ibe liipild to lie 
(e.sted, then add about ati eipial xoliime of loiieeiitiated sulphurie 
iieid. ami beat the mixture The eharaeteiislie liuit\ oiloiir of 
elh\l acetate is develo|H*d if etli\l alcohol is pit'seiil 

Iodoform reaction. fexv dio|»s of solution of loduu* are 
nddisl to iiliout 2 ee of the nleoholie liipiid, whieli is then 
heated to about IM)', and solution of siMlium hydroxide or ear- 
bomite added didji b\ dnip until the eohair of the iodine is flis- 
eliarged The eharncteristie iMlour of iodoform is pnKluc(*(l even 
with very dilute stilutiuns of ah*ohot , with stidiiger Holiitioiis a 
turbidity, or a dcHiiito yellowish, erxstalline firecipitato of iodu- 
foriii, appears when the liquid etioLs. 

The iodoform is prudueiHl in aeconluiice with the equation 

(IjlfjOH I .“il, ! TNaOll^CHIj f- CO, 1- 7NaI {- CH,0 

A similar ivactioii is given by aeetone, hence the result should 
1k‘ eonfinivd hy one or iiion* of the other tests desrnbeil 

luilofonii is also jiriKliiucd from acetone in the cold, but not by 
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ali'ohol, to n rxti'iil uiol on Ktaiulin^' hiuiic 

tiim* 

Ethyl benioale reaction. -Shako a few w of the luiuid uith a 
littli* Ix'iizovl dilorulc, allow to si'lllo, ])][Mlto oil llu* low or layor, 
and i^artn it with solution of ]K)tAi«siiim hvdroxido If othd 
alcohol ifl present, the odour of ethyl iHai/iHite will he dctecti‘d 
(Hcrthelot). 

Gualacum reaction.-- Place a fragment or tw(» of piaiai’iiin icmii, 
iicwiy hnikcn from ii lump, in a test-lu1>e. aild the liquid to he 
tested, shake well, and filter into a Ni'ssicr plass Do a siinilar 
ex)HTini(‘nt with distillisl water, and then add to each f;llls^ a little 
dilute solution of h\dr<K'\anie acid and one or two drops of a dilute 
solution of eo|)|M‘r sulphate If the sample (ontains alcohol a hliie 
colour will 1 n' produced, iniiili dnqrer than that ^mvisi hy the 
dN till'd water 

Aldehyde reaction.- Mix 5 If) ee of the iileohohe liquid with an 
eipial volume of 50 jier eeiit sulphiirie acid, and intnMhiee it into 
a small fliusk enritaiiiing .‘I or 4 };ranis of powdered potassium 
didiromate and ahoiit 5 e e of water Allow the niixtun' to stand 
a few minutes, and then distil olf the aldeh\de formed, Volleeting 
il in a little water The acetaldehyde may he reeopnised 

(1) Jly Its odour 

(2) H\ the piiKliietion of reddish violet colour, either jmmedi- 
ately or after a few mimites, when treated with HchitT’B 
reagent 

(5) Hy the formation of aldehyde-iesin, showing a yellow' 
colour, on being ailowisl to stand some time in eoiitaci 
with a piise of caustic potash 

(t) Hy the pniduition of a siher niirnrr when heated with 
an ammoniaeal Holiition of silver iiitrale. 

Conversion Into ethyl-m-dlnltrobenzoate.- In s]k-eial en,ses the 
following lest descrilN'd hy MiillikeiP haa liri'n found useful hy tJie 
writer It ia njqilicahle only to u iienrly^ pure alcohol containing 
not more than about 10 pi*r cent, of water 

Heat together gently in a 3-iiieh test-tiilM* held over a aniall 
flame 0 15 gram of 3-5 dinitrolienzoic acid and 0 20 grain of 
plioaphorus pentaehloride When aigns of ehemieal action are 
seen, remove the heat for a few aecfinda Tlicn heat again, lioiling 
the liquefied mixture* very gently for one ininiite Pour out on a 
very small watch glass and allow to solidify As soon as solidifica- 
tion occurs remove the liquhl phosphorus oxychloride with which 
the crystalline mass ia impregnated by rubbing the latter between 
1 " Identification of Fura Oi^jaiiiv OiPpuirndH," I, IGI. 
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tu() Hinttll |>ioc«-H (if porotiH tilo. IMacc the fMiurlcr in a dry A- or 
fi inch test-tube Allow 4 drops of the alcohol to fall ii]inii it, and 
then stopped the tube tightly without delay. liiimerM' the lower 
part of the. toatdiilic in water having a temperature of 75>-85° 
iShnke gently, and continue the heating for ten minutea. 

To purify the cater produced in the reaction cniah any hard 
liimiM that may form when the mixture eoola with a atirring-rod, 
urid boil gently with 16 e.e. of methyl alcohol (2:1) until all is 
disaolved, or for a minute or two. Filter boiling hot if the aolution 
is not clear (^lol Shake and filtiT Wash with *1 c c. of r‘old 
m<‘thyl alcohol (2 1). ReoryatallLso from 0 e.e. of boiling methyl 
alcohol (2 1). Wash with 2 ce of the Mime aoKent Si)read 
out the priKliict on a piece of tde Allow to become uir-dry, and 
detertnint' the melting jKiint. 

Mthvl .‘1 . 6-(linitrubenzoate, the pnxliict in this lest, cr\Htullisc.s 
in white nccdlca melting at 1)2 ■03'^ (umsirr ). 

'Huh method is given by Winter lUytld for the definite proof of 
the preaeneo of eth,vl alcohol in toxicologieal rases 
Conversion Into dlnltrophenetolo. - A honn^what similar reaction 
to the foregoing has b(H.'n ummI by Hliiiiksina ^ By the iietion of 
aodium idhylate on l-chloro'2 . 4-dinitrobenzem‘ tlu* (ornpoiind 
2 : 4-dinitrophenetole is obtained — 

f- ONa r,lf,(N(),), O | XiiCl 
The alcohol is concentrated to a atrength of !M) 1)6 per cent , 
and 0 6 gram taken. In this is dissolved 0 012 gram of sfalium, 
and 01 gram of tlie powdeml chlonxlinitnibcnzene added On 
w'nrining the mixture, needles of the dinitrophenetole arc obtaiiUMl, 
which may lie n^eiystalliscd from dilute alcohol or benzene, and 
the identity of the oomtiound established l>y its melting point 
(^16 2''). Methyi alcohol siinUarly tit'ati'd yields 2 : 4-dinitroanisole, 
melting at 80 '9^ As the difference between these melting-points 
is small, the process must evidently bo used with eircumspection, 
Mixtures of the tw'o products, eontaining respectively 20 5, 40 2, 
and 80'5 tier cent, of the phenetole, have the melting points 70**, 
63^ ond 76*. 

Convenloii ioto phthiUe eater.— A more general application of 
the same principle has been described by K. E. Reid.* 

Alcohols when heated with phthalio anhydride yield phthalic 
esters ; and the sodium salts of these, heated with para-nitrobenzyl 
bnunidr, give mixed phthalie inters w'hieh have definite melting 

‘ “ l*oisonH." U7. ■ Chrm. lYwkhlttL, lOU, 11, 2fl. 

> J .liiwr ('Acm. .Voe.. 1917, 38. 1240. 
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pdaU These roAotiniiM may be ukcmI for the hlentirifatiun of iunii\ 
j^ffereiit alcohols. 

A inmleratc excess of the alcohol to Ite tested is healiHl for one 
hour with 1 grain of phthalic anhydride For a ))riinary alcohol, 
the temjierature employed is 1(M)^ for a Bct'oiidary, 140'' In the 
case of the lower alcohols, the mixture is M'uled up in a tube and 
heated in a boiling water-bath, whilst with tlie less volatile ahHiioIs 
the mixture may be healHl in an o|Hm tulie. ITio product is (hen 
mixed with 10 ce of water and shaken witli 15 cc. of ether and 
5 ee of normal sorliuin hydnixide M»lution , tho acpicims ln>ei' 
drawn ofT. and evaporated to drMiess. Tlie rc‘siduc (Iiiih obtained 
is heatiHi for one hour undtT a nilux eondensiT with 5 c c of water, 
10 c e of 05 per cent alcohol, and I gram of p-iii(rolieiizv1 bnmiide, 
and the pnaluct is recrystallised from 0!) ]ht (i'lit. alcohol, and its 
melting jioint determined. 

Kthyl-p-iiitrolienzyl phthalate melts at Htr The (orrt'sponding 
methyl compoimd has the meltuig point 105 7 the propyl eoinpouiui 
‘ 53°, the isopropyl 74 \ the normal butyl 02'. and lh(‘ alhl 01 5" 

The method ma,> he used for the detection of ethyl alcohol in 
admixture with ethyl iMmzoate or inimthol. and also of borneol in 
eumphor 

Another general reaction for the lowtT ali'fihols of the aliphatic 
ik‘fi«*s has hcen desenhed bj E de Stwi-kliii * Iron tiiimali*, 
pn |ian'd by the interaction of tannin and a ferrie salt, nets ns a 
per(»xydase ; and in the presence of hjdrogeii |HTOxide it serves as 
a oonveiiieiit means of oxidising the lower alcohols Tin* nhleliyfle 
produced is then detected by the violet colour given with roainiline 
bisulphite solution ((Jayon or SchitT’s n*agent) Glycerol, if prrwnt, 
is also oxidised, and yields a colour iSome other iron combinations 
in a similar manner as ox3’gfii carriers. 

One c c or less of the liquid to bo tcsti*d is made faintly iieid 
with acetic acid ; or, if already aeid, is made almost neutral to 
phenolphthalein. Two drops of an iron solution (rniulo by adtling 
^ ferric salt to a saturated solution of hydroquinono and diluting 
,it to contain 1 mg. of iron per c.c.) are then added, followed 
^immediately by 4 drops of hydrogen peroxide solution. After 
'faking for a few seconds, the hquid is treated with a little of tho 
' Voeaniline bisulphite solution. If alcohols were originally present, 
\i violet colour is produced. Tho test is repeated with an iron 
^tannin solution containing 1 mg. of iron per c.c., made by adding 
fft ferric salt to a 3 per cent, aqueous solution of tannin. 

A positive result indicates the presence of methyl, ethyl, propyl, 

> Vampt. rend., 1908, 147« 1480; 1010, IM 43. 
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nr liiit.vl uicniiols in th(‘ oriKinal ln|iii(l If tlic liiih imt lifrn 
(liNtillcfi, glu'iTul inn,\ iiIko b<‘ n (‘niisc nf the rninur iu'ihIiioimI ; 
ami hrmif if tin- vnlatiln ulcnlinlh arc r\|N‘ll(‘(] Ly hniling, and the 
Ji(|iiiil htill the rcattiuti, the pn-scnco of glycerol is 

indifiiti'd 

Speolflc reaction for ethyl alcohol. Thr pirsi'iici* of aMc'ludr or 
acclnnc, uliicli an* dini<‘iill to rriiiovi'. inlcrft'n'S \uth hoiik* of tlio 
nrdimiiy Ii'hIh for i‘tli\I alcolud Aicordin;; (o A Toiiiiiclli.' Iho 
follo\Min( n'arlioii I'l not aflnlrd l>\ tin* pnsrnrc nf llirs4* iin]airilu>. 
and when (Mriinl out an di‘.MriilM‘fl is qinti* ( haiar ((‘iiMic ot rlhxt 
alroliol 

Tin' l(■a;;(‘nis iciininsl an* (I) In ^l•ilns ot nx^talliM'd 
dinilroloincin' (ni p 7or> ) disMihnl in rr oi .1 niixlnn* ol 

1 pait of i-ailion liisiilpliido and 2 paii.s ot (‘IIm'I' , f2) 12 uraiii.s of 
loilnn* dissolved in hNtee ot ellier , and (.‘t) tO grains (d potassium 
livdroMde dissolved in ItMt e e of vvater 

In a Id ee ^ladiiated s|op|M‘ieil liilte aie plini'd 2 f e of the 
li(|iiid to III* tested, and 2 ee of the iodine solution Alt(‘i sliakin^ 
ainl alhivvm^ to stand for two niiiiiites, 4 e v of the pol.ish sdlutinn 
aie adihsl. and the inixtiii'e shaken iiiilil it is decolorised Kin.illy, 

2 e e of the diriitiotohieiie reagent aie added with v i;;oions .shakiim, 
after vvhieli the (fiadiiateit tiitie is filaced upon a white siiifaie and 
the npiMT laver eloM'U observed If ethvi alioln*! is pn'smit 111 
(|iianlit\ sutlieient to ivnet, an orange vellovv eolonr is developed 
wliieli passes lliroii}'h vaiioiis shailes. teiminatini; in an intense 
i^arnet red With as tittle as It |M‘r rent of aleohol. the vi»lour is 
a li|»hl rose* 

Xeither methvi aleohol nor pure uvetone ^lves this iiailmn, and 
aid<‘h,vde diminishes the sensitiveness of the test onlv when piesent 
in lai'f!!' amount 

Some of the higher aleohols. hovvi'ver. ^nve similar results to those 
ohtaiin'd with ethj^l aleohol When it is nrei'ssary to eliminati^ 
theni. 2.“i to Itid e e of the sample, ari-oidin^ to its pri'sunied eontent 
of ethvi aleohol, are placed in a Roparntor, and treated with two 
V oliinu's of a a ik'f cent Holutioii of alum in w liter, aluikinp up sc'veral 
times after addition of a little bt'nzene or ]K‘troleuin etlior. The 
aqueous layer, vvhieh eontains nearly all the ethvi aleohol prt'sent, 
IS drawn o(T and distilltnl, fractions of 2 e e Is'inp eolleeted of the 
distillate ^inasing over liotween tit)"’ and Htr The test is then 
upplii'd to these 

Pasteur’s method for small quantities. - -This is of some historical 
inten.'.st. as haring been used by Pasteur in showing, for example, 
1 Chun, until , 1914, 19, 109; Phnm J., 1914, 39i 47. 
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that irrtaiii tonih prndiiiv no tiliohol in thr roniHi' of Uinr 

dpVflojHin'nt ^ 

Miiiiito IfiUT.s of rtli'(»liol MtTi* dotirlHl !i\ didtilling Ihr li(|iiiil 
iindiT (waiiiiimtinii from a ]oii);-iurknl rt'lnrl ronnrclcd ^\ith a 
Liohijj's (ondniM'i “A i‘(Ttaiii hikii of llm j)n“*oiiH* of alcohol 
is ront allied in the IIimI few diops dMilh^l , thoe always as'^iime 
the fopin of little diops or ntrue. or, better ntill, od\ tenis. when 
uleohol ia present in the disldlale." In this wax. taking' KHI ee 
of the hi|iiid, the ]in'senee of 0 1 per eeiit of aleoln»l ean he dele< led. 
and with ean‘ and praetiee even IMi| ]14 t rent. DiKtilliiifir one thud 
of the Inpiid, and redls(llliIl^^ iiuieli Miiuller ]»iopoilions can he 
detei led 

Kloekei has iiiodllled this pimrsH. .so that it Is p(>sMh]e to deleit 
as little a^ (MMl2 or OtMil |M'r rent ot al(‘oho| ni liipnds stieh ns 
xeast w.iter oi woit - Kixe ee of th<‘ lupiid aie phuisl in a te.st 
tube, Is I III loii^r hx 2 t i‘iii diameter, fitted with a loik thion^h 
wliidi passes a fflash tube of hm^li tSl) (in and (‘xltTiial (lianiet(‘i 
!{ mill Th(‘ lower end ot the tube extends oiiK to the bottom of 
the (oik The lest tube is fixed xeitieallx oxer a ]>ieei‘ of wire 
piixe, and Is heated b,x a Miiall flame To proinot(> le^iilai 
ehiillitioii, a small sjnial of thin (opiiei wile max he ]ilae(‘(l m the 
test lube Kiofhm^' max Is* niiiiimised h\ adding .'i diops of sliong 
nit Me Held 

'|li<' pMseiue of aleohol 111 the Inpiid ih shown h\ the formation 
of dio|»s liaxing a c hanii'leiistii oi 1 \ appeaiame (‘dears'') in the 
long tube 'riii' higher theM' drops n]i|M'ar in the tiilie, the smaller 
is till' (piantitx of aleohol pirsi'nt 

This leaition is not shown h\ aiix suhstanie, e\ee]i1 iihohol. 
likely to be )iiesent in fermeiitiiig Inpiids 

VII. Examination of commercial alcohol. -- 

Spei linens ot ■ jilaiii “ spirit are fieijiieiitly reipined to he testid 
as regards general puritx and suitability for use in ]ilianiia(,\ , 
perfumery, or other arts Defivts due to nnpeifeit lei tifieation 
are not often met with in ordinarv “ paleiit-Htill ” spirit of goiid 
(piality ; hut even with sueh spirit impurities may have been 
iiitnalueed thnnigh eareleNs storage or ii(‘eidental admixture. 

The natiin* of the gi'iu'ral examination will of eonrse de]K‘iid to 
some c'xtent ii|K)n tlu' jiartieular pur|Nm> for wJiieh the apint is 
required rsiially, however, it will inclufle at least a di'tenniiia- 
tion of the nicoholie atn'ngth of the sample, and proof of the nhsenee 
of solid matters, dissoh'ed oily sulistaneeH, exeetwive aeidit^x, ntid 

' “8111111(11(111 PiTiiiciitiilKMi ” (Eng. lrmii!i, I87U), p. 7K. 

’ CuMjit. mul. Irar. IaiU. VnrUberg, 1011, 10, 00. 




methyl iiicnhol. In the vomo of alMolute ” airnhol, it may 
ii('(M'iwAry to prove also that excf'ss ot uater is ii(»t jm'sent 

'I'hn " rertiti(‘(l spirit " of the J’hantiaropo'ia is nHiiiirrd to poas 
thft following tcsls : 

“iSpe<-itip gravity 0 8337. Burns with n blue Hinokoless flame. 
Ii<‘avc8 no residue oii cvajioration (absonee of non-volatile matter). 
KiMiiiiiiiH clear when mix(*d with water (absence of oily or resinoua 
huhstanees). A little expoN(‘d^on clean white filter pa])er leaves 
no unpleasant smell after the alcohol has cvaftorati'd (absence of 
fus4>l od and allied impurities).** 

“ One hundrt'd e.c., with 2 c e. of yjM} solution of silver nitrate, 
e\post‘d for twenty-four hours to bright light and then decanted 
from the lilaek powrler which has formed, iiruh'rgo no fuilher changf* 
when again exposiri to light with inon* A* 10 solntion of silver 
nitrate (absence of mon^ than trof'cs of am\l alcohol and of other 
organic irniairilii^s). When mixed with half its volume of nn 
aqueous solution (1 in 5) of sodium hydroxide, the imxtiiie does 
not immediately darken in colour (altsence of more than trail's of 
aldehyde). No iniiiKHliaic* darkening in eoloiir is caused )>> the 
addition of solution of aminoiiiu (alisimee of tannin, eMe.ss of 
aldehyde, and other organic inipuritieH).*’ 

Tho IVerieh Bharinaeopieia pn^Hcribes the following tests for 
alrohol : -It should lie colourless, and show no aeid reaitioii when 
diliitiHl with two volumes of water Jt should leave no residue on* 
evaporation. 

Jfeated on a vvater-hath in a pori'elain capsule, no foreign odour 
should bo ]MTceptible either during evaporation of the aleoliol or 
HulNtequcntly. When diluted with two volumes of water, it sliould 
reiuaiii elear, and the odour and flavour should he tliose of ethyl 
alenhul, w'ltliout extraneous admixture. 

Pistil KM) e.c from a water-bath until GO to 70 r e. of distillate 
are eulleoteil Witli tills distillate* and with the residue curry out 
tho two following sorios of tests. 

(1). OlstlUite (for “ foreshot ” impurities). 

(а) . Ten c.c. of the distillate in a test-tube are mixed with 5 c c. 
of ainiiioniaeal solution of silver nitrate (10 ])ct cent, of AgNO^) 
and heated in tho water-bath : the mixture should remain clear 
and colourh*8s. If the alcohol is impure {aldthydu), a brown 
colour or a precipitate of metallic silver Will be given, 

(б) . In a stoppered flask of 100 c e. capacity place 50 c.c. of the 
distillate and 2 c.c. of solution of potassium permanganate (0 2 gram 
of KMnOf per litre). Maintain the temperature at 15” to 18”. 
if the alcohol is pure, the rose-violet tint of (he solution shoulili^ 
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'pfirsut during twenty minutes, befcire pAHRing to a Halmon^pink 
shade (Abtwnce of atvtone, uldehydoH, coininereial methyl aleohol ) 
(2). Residue from dlstlllatloii (for taillingH " iiupuntic's). 

(fl). In a flat-bottnined flask cooled in a cold water bath, pour 
10 c e. of the rt'sidue, and odd, little by little, with shaking, It) e.e. 
of pure sulphuric aeid, in such manner um to pn^vent lisi* of ti nifK^ra- 
ture. With pure alcohol, the mixture reinainH colourlesa ; if 
impun>, it acquircH a colour varying from \ellow or light rose to 
granite n»d, violet, or even dark brown {Uujhn aMola, etc ) 

(d) Introduce into a teNt-gla^H 2 e.e. of an acid and colourleM 
solution of aniline acetate, made by mixing equal vohimi‘N of 
n^dirttilled aniline and glacial acetic acid. On the Hurfuie of this 
pour (‘iirt'fully about 10 c c of the n'Hidunl liquiti from the di^t illa- 
tion , the inixtim' aliould leniain colourliMoi If a bright red colour 
is produced at tlie mirface of conta(‘l, gniduull) tienctrating into 
the bulk, fnrfuntl is pn^nent. 

A third Hcrioa of testa, carried out on the alcohol itst^lf, has for 
its ol)jf>et the detection of nitrogen eompounrlH. 

To aO c c. of '.he aample add J or 2 drojin of dilute sulpliiirie iieid 
to give an iieid reaction, and then 10 c.c. of distilled w'ater. K\ uporute 
the mixture on the watcr-buth down to a bulk of 10 or 12 e i* , niid 
apply the following tests 

(c) Make .j e c of the liquid, in a tent -tube, alkaline with a few 
idro)i-( of a 10 |ior (smt solution of iiotasaiuin Jiydroxide. and pour 
in oiu' or two dmpa of Xcssler s reagimt (alkaline solution of merciirit* 
potaHSLuin iodide) If ammonia in presemt a yellow colour, or a 
h'ddish -brown precipitate, w produeeil 
(/). To 5 c c. of the aaim* residue add 5 ( .e of dilute Rul]ihuric 
acid, and pour the liquid little by little, with shaking, into r> ce 
of solution of bismuth |Kitassiuiii iodide (JO grams rd Kl dissolved 
in KO c e of water, aii<l this solution divid<*d into two e(|ual parts 
In one part 12 grams of sublimed Bil^ are dissoKed, then tin* 
remaining part of the KI solution added, and the mixturu filtered 
Kept protected from the light). Pure aleohol n'lnains clear ; if 
pyridine bases are present an orange-red precipitate forms, which 
is crystalline if amyl alcohol is absent. 

The ordinary (95 per cent) alcohol is usually transported in 
metaUdrums or other vessels, and often contains sensible traces of 
the common metals. These are tested for as follows. 

To 100 c c. of the alcohol add 10 c.c. of dilute acetic acid and an 
equal volume of water ; and evaporate on the bath till reduced to 
W c.c. The residue thus obtained should give no precipitate or 
^oration with hydrogen sulphide or ammonia. 
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An objectionable, pungent odour which in Hometinies present in 
both (‘rude and refiii(‘d alcohol apiiears to be due to un alilehydic 
constituent, vi'hich, acconliiig to E. Bailor,^ is probably acrolein 
Th(f pn'stnce of this body is, in gt‘nernl, attributable to the de- 
coiiiposit ion of the fcrmeiitation-glyeerul during distillation IVaces 
of uininoiiin may also have a deleterious elTect upon the qualit} of 
the spirit. A Icekdike odour and flavour are traceable to sulphur 
coni{H)unds , these may lie pn'sent as fn‘e hydrogen sulphirk* and 
us sulphur in organic combination As the latter is chiefly 
responsible for the objectionable (ulour, it is usiiall} sullicient 
in analysing the spirit to determine the total sulphur, which may 
lie done in tlie following inaiUKT Not li'ss tlian a litre* of tlie 
alcohol iH tr(‘iit(‘d with an excess of bromine-uatcr, th(‘n diluted 
uitli •‘1(N) c.c. of water, the alcohol distilled olT, and the n'sidiic 
concentrated to a coiivcnuuitly sinull bulk sa\ about .">0 c c 
'I'lie Hulpliiiiic acid ])res('iit is then pnsi}iitatcd with bniiuiu t hloiide 
solution in the usual nmniiiT, and the resulting biiriiiin Milpluitc 
weighed Nnlphiir to the extent of 001)5 to 0 007 giain per litre 
was found by Bauer in (‘rude molasses spirit 
The sdiiK* author recommends that, in detei mining tlie a(‘i(lity 
of aleuhol, the spirit shuiild first la* lieiibMl to i\lV to (‘XjX'l eaibon 
dioxide (Nxbineal and ha‘niatox.^lin ate pn'ferable to plii'iiol- 
plithalein os in(li(‘ators ; t'oiigo ml and rosolie acid are usel('^>M 
An opiilesn‘iu‘c shown by a m-titied spirit on dilution witli water 
may bo due to the pres('ius‘ of (‘aoiit(‘huiie or other siilistniid's 
extriU'led from nibb(‘r, if tlu' ah'ohol has l>(‘(‘ii in rontuet with 
ruldior tubing or wnsliers 

Detection of water In ** absolute*’ alcohol. Tf the alcohol is 
slinkeii with anh}droii.s e(ip[N‘r sulphate, the latter will beeoine blue 
if the lupiid eontaiiis wati'r to the extimt of about B 8 jx'r e(‘iit 
'riiLH t(’st is appIuHl to the " Alesdute Alcohol ” of the Pliiirina- 
eopu'ia 111 tlie following form. "Anln (irons copper sulphate 
.shaken oeeasioimlly during two or tlim* hours in a well-closed 
vessel with about fifty times its w'eight of alwolute alcohol does 
not assume a decidedly blue colour (absence of (‘xcess of water) ” 
Tho limit of water allowi'd in the B P absolute alrohol is ] jier eeiit. 
by weight. 

A still more delicate test is to shake the alcohol with a cr>stal 
or tw’O of potaasium permanganate. This salt is insoluble in 
absolute al(‘(>hol, but dissolves sufliciently to give the liquid a pink, 
tinge if as little as 0’4 or 0 5 per cent, of w'ater is present 
Paleium carbide may also be uiw‘d to detect the presence of water 
Froe. Swtnik Ini. Cong. Appl. CAem., London, 1909. Sec. Via, 77-81. 
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in alcoliul. Aci'tyloiu' ifas in lilM^ratod hy the notion of (ho nator, 
and calcium h,\druxide formiHl, nmdoriiii; (he tii(uid tnrlml 
For mctluKln of estimating small qiiiintitiVs of water in aleoliol 
V poMt (i) 21!i ) 

VIII . Determination of ethyl alcohol/ 'I'he onlitm rv 

meth<HlH of eHtimntin^ etli>l alntliol when mixed with w'litiT only 
im‘ dealt with in the ehajiter on Ali‘ohoiom«‘tr\ In the following; 

various s|M‘eiid ])roeesM‘s aie ){i\iii, iiiehidin^ methods for 
the determiniition of e(h>l aUoliol in mixtuie with etlier. chlorofoim, 
melone, and otlier siihstunees 

Chemical methods for the estimation of ethyl alcohol. For the 

estim.itmn of small quantities of nleohol ehemiudU. ovidalinii 
with |u>tassiiini dieliiomute and siilplnine aeid may lie emphned 
Ntcloux's method. \ senes of six mixtnn's of dilute aleoliol in 
piejiiired, eoiitamiiii; leslss-tixelx tt 2, It l’», (tl. tKMltt, inio, and 
it(i;|.'l p<’i (('lit of .ihohol l)\ \oliime Of eneli of these mixtiin's, 
."i ee are plaeeil in test IuIm*.s 2 to H e< of stroll)' siilpliiirii aeul 
added, .iiid then a solution of potassium dHiiromiite (2 It grams 
per imt e e ) is run m from a biindte Into the strongist ahoiiolu- 
solution (II 2 piT eeiit.) 2 0 ee of the diehromate are rim, into the 
next 1 .“) e.e, into (he thud I 0 ei and so on The dieliioinate 
IS rediiMvl, and the eoloui of the solution in eiicli tube, aftei mixing 
Its (onlents, hecoines \ellowish-gn*eii 

other lulus are prepansl himilaib, hut adding now tt I ee 
oi dudiromate less (liun In-fore in eaeh lasi* i r . I It e.e , 1 tee. 
(lit ee , and so on These twelve lubes serve as standards 
Tile dilute solution of aholiol to be (-simuitnl is now tn-ated in 
the saiiu- wa\, namely, to o i' e of the aleoliol siilphurir aeul and 
diehromate solution are addeil Jf 2 e< of the latter make the 
liquid ,M-llow, the diehromate is iii exeess, and a smidlei quantitx 
iH iiseii 111 tt rejN’tition until the vellowish'gneii tint is fiblaimil. 
aflei which the tiiln- is eompansl with the Htamlanl most iiearl\ 
approaching it in deplli of colour If the 2 e e of iliehromate 
make the luiiihl gnn-n. the alcohol is in exn“>8, and imist he dilnti-d 
accordingly tn-fon* reix-iiting the e\|H‘riineiit 

l>o»zi-KNeot» found with Nu-Iohx’h melluHl that it was essential 
to maintain absolutely identical conditions in the comparative 
exiierimcnta, and own then somewhat discordant results might be 
obtaiiu'd in duplicate experiments. It is obvious that no Hiilmtaiwes 
other than alcohol which would nxluec diehromate may be jin-sent. 

BOfdas and RaezkowsU shorti-ned the fon-going pnx-edure by 
omitting the standards. They adih-d 2Ti cc of stioiig sulpliuiic 
> iinn. Ch%M. Annl, 1902, 7, 11. 



»U ' 


JMJLMmJLt 


acid to 5 c.c. of tho liquid to be tented, then 1*0 r.r. of the rlichromate 
Huluiion, and boiled the niixtun*. From uhut precTden, 1 c r. of 
diehroinate indi(‘ate.s 0‘1 ]mt cent, of alcohol when the tranHition* 
tint 18 obtained, and the experiment ia n‘peated with more or with 
i(‘itH of th{‘ dichromatc, or with the tuim])lc further diluted, until 
the proper colour in given. 

Blank and Flnkenbelner deaoribe a modification of the dichromatc 
oxidation process, which tliey apply to the OHtimatioii of small 
quantities of methyl alcohol, but which can equally be used for 
determining ethyl alcohol.' A very dilute aqueous solution of 
the alcohol is prepari'd, anti mixed with an excess of tieeinormal 
dichromatc acidified with sulphuric acid. After standing for stme 
lioiirs at the orrliiiary temijerature, jKitassium iiKlide is added, 
aiirl the rnixtiin* titratenJ back with decinormal tliiosuljiliate solu- 
tion. Kuch e.c of diehrumatc used up represents (I0ri4 gram r)f 
methyl alcohol or 0 (N)r)75 gram of ethyl nlcohol, as eal(‘iiluted from 
the equatiem - - 

CHarHaOn -1 0, r- CHa-COOH ^ ][*() 
for ethyl and the eornvsponding equation for methyl alrohol 
** Aeration*' process.— Dox and Lamb^ describe an " aeration *’ 
metluHl of expelling alcohol from fermentation mixtures, absorbing 
it in Hiilphuiic acid, and determining its amount by oxidation with 
diohromato. The aeetie acid produced is distilled of! anil titinted 
The nleoholie liquid is saturated with neutral ammonium sulphate 
(AO grams in 100 e.e.), and is contained in a gas-washing bottle. 
This is ('oiineeted at one end with a guard-flask of oxidising solu- 
tion, and at the otlier with two cylinders containing concentrated 
Nulphiirie acid -the first about 18 c.c and the second 8 to 10 e c 
Air is drawn through tlic apimratus at the rate of about 25 lities 
|ier hour ; this removes the alcohol from the solution, and the 
vapour of the alcohol is absorbed by the acid The aeration is 
generally complete in eight to ten hours, but slightly higher results 
are ohtainiHl by aeration at a slower rate for twenty-four hours. 

After the aeration is finished, the sulphuric add is mixed with 
10 to 15 grams of potassium dichromatc in water in a distilling 
tiask, and the cylinders well rinsed with water (fm from carbon 
dioxide). The mixture is allowed to stand for about fifteen minutes, 
and then distilled carefully over a free flame, using asbestos hoard 
with a small tsireular opening for the bottom of the flask. To 
prevent bumping anti foaming, a glass bead and two small pieces 

' y. Soc. (.'Aem. Ind., 1006, M, BOO. 

* ./. Amn. Vhfw. , 1016, 88, S60S. 
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of pumice Htone are placed in tho lii|uid. The vttlunie of liquid 
in the flask ahould not become so low aa to allow Kiilphuric neid to 
dutil '>ver. The diBlillate is titratial witli dcciiiormal alkali, and 
the distillation lepcated with additions of water fnn'd from carbon 
. dioxide until the Hat titration shows less than 0 5 e of decinoruml 
alkali ; this is generally reached after four nr live distillations 
Each c c. of alkali = 0 004000 gram of alcohol 

Amounts of alcohol up to 2 grams can be determined arcunitcly 
by this inethrxl, according to the authors' statements In the 
preseiiix* of 0 5 gram or more, the sulphuric acid and dicliromate 
solutions must he mixed carefully and coohd The prnicss has 
lieeti us(>(l for the detennination of alcohol in various kinds of 
siluge, with very satisfactory results The oxidising solution in 
the giiard-fiaHk is composed of diehroinate. sulphurK* u(‘id, and 
water ill th(‘ proixirtions of 1:2:7 by weight. 

Estimation by conversion Into Iodoform.— The following method 
ii descrilied liy Villedieu and HelsTt* for the estimation of ethyl 
alcohol 111 dilute solutions containing 01 to 1 per C(‘jil , niid is 
applied to (he estiniatinii of alcohol in urine It dejiends ujum 
the fuel that, at a definite dilution, the quantity of alcohol con- 
verted into iodolorin is constant. Tlie iodoform is transfornicd 
into potassium iodide and the amount of this estimated volumetri- 
ea!'v with silver nitrate 

Solutions an* prepared containing quantities of alenhol varying 
from 0 1 to 1 per cent., and these solutions are treat<‘d as follows 
in order to obtain the value of tho silver nitrate solution in terniH of 
the differt'nt quantities of alcohol. 

One liundnsl cc of tho nleohulie solution an- tn*ated with 
10 e.e of 1(1 |M‘r cent, sodium hydroxide solution, and alioiit 90 c e, 
of 10 .} p(T cent i<Klinc solution are then added droj) by drop. After 
three hours, a further small quantity of iodine solution is added, 
so that the mixture exhibits a yellow coloration. At the end of 
twenty-four hours the precipitated iodoform is collected on a filter 
and washed witli cold water. With the smaller quantities of alcohol 
^it is necessary to “ seed ” the mixture with a trace of iodoform In 
order to promote precipitation. 

' The filter and precipitate ore now transferred to a flask, and 
boi'ed for twenty minutes under a reflux apparatus with 30 c.r. 
of saturated alcoholi ■ potassium hydroxido eolution. The t ontentn 
of the flask are then oeidified with nitric acid, 20 e.e. of N/JOO- 
silver nitrate solution ore added, and the excess of Nilver nitrate 
' titrated with ^/lOO-thha yanate solution. Tho number of e.v of 
' J. Pham. CMim., 1917 (vH), U, 41. 
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the Kilvrr nitrate Holiition rt'ijiiircd to i>n‘( ipitati* the potiisHiuin 
Kcliilo formed from the iodoform in thiia ohtiiim'd for the iCHpective 
(ileoholic Hohitions, and the nuinberM rorreo[»ond with the (junntitieH 
of uleohol iiresimt in the HolutioiiH 
Any dilute ah'olirilie Holiition of unknown Htfi'iiKth is treated 
sirnilaily, and the aleohol content ascertained from the \ohiine of 
Hilver nitrate required to precipilato tho resulting iodide 

To (‘Htimiite alcohol in urine by thia metlual. 2(K) c e of tho 
sample, which must Im' free from acetone anrl aldehydes, nn^ 
distilled after the luhlitiou of lee. of phfisphoric* acid, and ItlU c c 
of ilistillnte collected This ia tn'abnl as ahoxe (UNC'iihed 
Oxidation with permanganate. -> When only a small (piuntity of 
a very diliitf' solution of alcohol is availahle, an ac( unite f'stiina- 
tion may la* made by means of alkaline ]i(Tmnngiinate In llu* 
following process, described b}' Han’ndn'cht,* the alcohol is coin- 
plelely o.\idised to earhon dioxide and water, and th(‘ (|iiantity 
calculated from the volume of permanganate iiHcd up (MImt 
oMdHsh'e (non*vola(ile) HiilHtaiiee.s siuh as siigai or t‘\tia(ti\e 
matters may la* present; but if the pro|K>rlioii of these is eim- 
sidernhle in relation to the alcohol -content, the liipiid lna.^ he tlis- 
tilled and the det(‘rmiiiation canied out on thi‘ distillate Tm e e 
of a solution containing about 0 2 pr cent of alcohol will .snflict* 
for the experiment 

111 a hanl glass Husk of about 7(Xt c c caimcilj aiv placed HiO c c 
of potassium iMTiiiungamito solution (OTo grams per Ji(ic) and 
40 ce of sodium hydroxido solution flTiO grams pi-r iMie), and 
the mixture is healed to hniling Five ee of the aleoliolic liiiiiid, 
diluted if necessary to eontnin nlioul 0 2 |H.t cent of alcohol, are 
then rapidU run in, and boiled for one minute 'I’he llaine is tluui 
removed (hie hundn'd ee of oxalic acid solution (20 grams ]ieT 
litn-) are now added, followed by 40 ee of siilplmrie acid (2 M)1s 
ot acid, sp gr, I 84, mixed with fl vols of water) and the liquid 
shaken , after which tho excess of oxalic acid is foithwith titrated 
with tHTinuiiguiinte solution of stnmgtli 3 1S2 grams per litie 
Another h e c of tho dihiU'' aleohol solution are rvii|H)rated in a 
hard glass dish on the waU'r-bath to expl the alcohol, and 5 e e, 
of a HueroM' solution (1 gram in 2j0 c.o of water) are added to tho 
ivsidue The fori'going oprations are then repated on this 
luixtiiro 

The sucrose added (0 02 gram) correspnds with 28 Oo e e. the 
KMiiOj solution used iii the titration. If A and B are the vuluiiies 
111 e e. of prmnngnnate ust'd in the resjiective titrations, tho weight 
* ZrilwA antU, TAfin., 1013 , 32 , 304 , 
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of tilrohnl {in'M'iit is ohl.uiinl (in iii); ) by multiph iii^ tlir (*\|)ii‘8hioii 
A (/f- 28 Oo) by tlu* factor 0.184 Altmiativch , b\ usiiif; 
till' fiirtor 0 48.1, till: volume of the alciJiul is gnen in c inin. 

Physical methods of estimating^ alcohol.- Apart 

from tlio usual method of estimation by means of the speciiic 
f;ra\ity and appropriate tables, uhieli is dealt uith at length iii 
the chapter on “ Alcoliolometry," there an* rarioiis other physical 
proi'es.ses wheiX'by the pro|M)rtion of alcohol in un iKiueous Milution 
( an be d(‘diii‘(‘d Some of the more intenvtiiif; of these an* desei ilied 
Im'Iow \ passiuj; n'fiTeiii-e mil siilliee for M*\ernl of them, ns the\ 
have no praetieal iipplKatioii except |h)ksi1iI\ in oceiisiomd sjieeiJil 
ciri iiiii'.taiii'e'i 

lbr\\'.trrs staktometer oi dio|) mensuiei is in the foim of a 
hnihi'd pipette witli a Iiiu4\ t.i|N‘iiiif; di'lixeiy tiihe Killed mth 
u.itei, iiinl then allowed to isnph itself. It does sii in a certain 
niinihei (it drops, whuli aie eoiiiited Killeil mth aleidiol, and 
allowi’d to disi har^'e sinniaih , the miiiilier of diops is much ^leater , 
It \aiic.., in fait, ae(ordln^ to the slnmiitth of the uheliol Thus 
with .1 partieiilar iiistiiimi‘iii liistilled water ftuve TIht drops, and 
aipKMiiis aleohol of , specific ^ia\ity <l!t2tt ^n\e 2,117 drops H\ 
ton-.t nil tint; a table of the number of drops leijuiivd foi dilTcKait 
pioportioiis Ilf .iholiol, the inslniiiieiit inn thendnre be used to 
ii'> “it. on ulcoliobe hlreiit^tlis 

( insler'n vaporlmetef is rlesitfued to irut the pen entatfe of aleohol 
111 a liipiid bs ine.isuiiiit; the \npour jachhiire of the lii|uid The 
lowei end of a haroiiieter tube is heiit tune at rittht anttles At 
the extieiinti, wliieh now points upwards, is fitted a slopeoek, and 
also a delaelialile hulb. Jii this bulb the spirit is plaied Tlie 
tube beirit; charged with iiieroiiry, the bulb eontuiiiing tlm alcohol 
IS re attached, the stoiM'oek otM'ned, and the alcohol \uporiM'd by 
heating the bulb with hot water. A graduated sude on tin; tu):e 
allows the height to which the mercury i.s forced by pressure of the 
alcohol vapour, and the corres[K)nding aleoholie strength is given 
by tables constructed for the instniinent 

Dllatometen have also been devisgd for measuring pereentages 
of alcohol by means of the expansion shown when a deiiiiito volume 
of the liquid is raised from one fixed temperature to another. Tlio 
amount of expansion varies with the projjortioii of aleohol in the 
liquid (Silbcrmann) 

Potassium carbonate, added in sufficient quantity to aqueous 
solutions of alcohol, absorbs the water and causes the alcohol to 
separate out. If the liquid is contained in a long glass tube fitted 
with a graduated scale, the volume of the alcohol layer eon be read 
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olT Thf HCfilc IS ('Hin)rAt(‘(l b}' rxiMTiinciitH with alcDhol Rolutions 
of known Htn'iigtii (Hnindo) For rough purpoHcs, an ordinary 
Htoppcrrd gluHs graduated cylinder can be uned. 

Ebullloseope. -Obvioualy the foregoing methods will give results 
of onlv nil Approxiiiiate character. The following, how'cver, 
in a tolerably ooeurate process for estimating alcohol in sui'h articles 
ns wine or beer, and is expeditious, es|)ecially where a numlier of 
di'lcrminations lire reiiuinnl It deiiends upon the principle that 
the boiling point of an alcoholic Ihpiid is lower than tliat of water 
in ])ro|)()i'tion to the quantity of alcohol present The hpecial 
iiistninienl devised for taking the lioihng |K)int is known as the 
rbuIlwHrnjtr It wiis originally used for the piir|Ki8e by the Abbu 
[Iroiismird Vidul, tif Toulon, and Inter was improved by Malligand 
and Mile K. Tlroussard- Vidal ^ Field in 1847 patented an 
“ alcohol ineter ” based on the same prinidple, and Ure subsequently 
made some iinprovoinentH in Field's apparatus. 

KHseiitially. Malligand 's form of the ebiilliosi o|M' consists of a 
boding veswl fittiKl with a condenser and a special therinoineti r, 
and li(‘at<'d by a sfiirit lainp The thermoinider is graduated, not 
111 leinpcrnturo di‘gree.s, but in figures showing dinrtly the per- 
e<*ntng(‘ of alcohol by volume A few years ago J 0 (’am tested 
Malligand’s ehullioHco|)e by the determination of alcohol in hcer, 
comparing the r(*MultH with those obtained by tiie distillation prix'css ; 
he foiiml a satisfactory agreement * Cain's description is essentially 
as fol1ow.s *— 

In making an exiM'riment, distilled water is first placed in the 
lower part of the vessel (up to the mark inside), tho lid screwed on, 
the thermometer inserted, the condenser filled with cold woter 
and screwed in, and the water hoatcfl to boiling The spirit lamp 
should be protected from draughts. When the water has boiled 
steadily fur a short time, the mercury thread of the thermometer 
remains at one point, and the scale of tho thermometer is then moved 
by means of the controlling screw until the zero point is coincident 
with the position of tlie end of tho mercury thread The water 
may be boiled until tho steam begins to escape through the con- 
denser, by which time the zero point will have been accurately 
ascertained. 

This " sotting ’* of tho instrument renders unnecessary any other 
correction for barometric pressure. It is re<|uired on each day when 
the instrument is to be used. 

After the zero point has been fixed and the vessel emptied of the 
water, the beer (at any ordinary temperature) is filled up to the 
' Comp, rriMf., 1874, 78» H70. • Ckom, Norn, 1914, M 37. 
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mark and l)oiled aa deacrihcd in the caae of the water KeadingH 
of the mercury ore conveniently taken at lifteeii m-onda intcrvala, 
be);itiiiiiig when the regular lioiling eominenees Tlio true boiling 
point is not rvnehed until the licer has lieim b >iling steadily for 
some time, when the inerciirj' remains stationary for a |a‘ri(Ml The 
steady boiling is easily recognised by placing the ear near the tup 
of the condenai'r, when a continuous bubbling is heard If the 
boiling is continued, the mercury odvaiict's again after a time, and 
vapour esenjies fnnii the top of the rondenH‘'r The following 
readings, taken at tiftoun seconds intervals, show the course of an 
experiment 

<1.1 


:i Hii 

r» H \ 

p| H > t< riiit Ilf Ali'iihol |M'r 

rlK\ 
r.7 
ri(i 
.'i a.'i 

.) f) Ali'ohiil 

Tlie result was thendore 5 S per cent of alcohol (by volume) 
Distillation gave the same n*sult 
The solids [ireM'iil in beers and wines exert no practical iiitliienep 
on the boiling p<imt, as their moleeular weights are so gri'at Abb^ 
V’ld-il had origmalL^ foiiinl that there was no seiihibli' effect imKiiieed 
on tlie temiierature of ebullition by such ingredients as sugar, if 
not present in greater amount than 15 |ht cent 
An a<laptation of the instrument for use in determining the 
“ original gravity ’* off beer has bt«n doscnboil by T 11 Tope * 
Another form of ebullioscope for estimatiiig alcohol in wines has 
been described by Ph Malvezin*, which claims to obviate certain 
jourees of error, notably those arising from the presence of a high 
proportion of extract The wine is contained in a conical vessel 
immersed in a conical water-bath, and there an* two Ihcrniometers, 
3 ne giving the temperature of the wine and the other that of the 
water-bath The readings are referred to tables constructed from 
actual determinatioDS. A 6gure of the instrument, but not the 
Abies, is given in the J. Soe. Chtm. Ind. for 1916, p. 846. 

Using the following table, which ia due to P. N. Evans,* it is 
lossible to estimate approximately the percentage of alcohol in 
nixtures of alcohol and water by a simple determination of the 
filing point. The taWo was constmoted from observations made 

' Bnwen' J , 1914, M. 239. • BvU. Anoc. Chim Suer., 1916, 8S, 104. 

> J. Ind. Eng. Chm., 1916. 8. 260-262. 
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when r nf iilrolinl wan distilleil at a unifnrni rate of I drop 
|)cr aeeond The leni|M‘raturt‘ wna iiottnl when 7 T) e e had diatilled 
o\er. and the (liritillution eontinued until Ifi ee was eulleetcd. 
The mean of the iM'reenta^eH of aleohol in th(‘ li(|iii(l in the flask 
before and after distiHation, as aseertained fnmi the density, was 
taken to r(‘|)resent tlie eoinpoHition of the liquid, and the ]iereentage 
of aleohol in th<‘ distillate was taken to rr‘pn‘senl the eoin|ioHition 
of t.h(‘ va|iiiiir at the temperatim* oliserved when 7 o e e of distillate 
had been e<»lleeti‘d Tlu- tein{H>rutiireH given an* corrected for 
baronielrie piessiin' and for the exposed inereiiry eohinm of the 
thermometiT 

MiiIMM. eolNTS (OMlI.NSIMl I'OlNlii OF AQITOl s iifoiior 
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Rapid estimation, - A rapid pnasw for detcrnnning the jircqNir- 
tion of aletihol in a lupad has lieen described by 1) Sidersky * It 
dep'iids upon the iniw’ibility of ether with atrong alcohol 
1’weiity c c of the alcoholic liquid under examination and 10 c c 
of other, ap gr 0 724, an' shaken in a closed vessel On standing, 
the liquids separate into two layers 8ueeeHHivc quantities of 
aleohol (t)8 pt'r cent ) are now added from a special burette, the 
imxturo being shaken bi'tween each addition. The volume of the 
ether alcohol layer decreases as the proportion of alcohol increases, 
until it finally disappi'ars on addition of a further drop of alcohol. 

* BhU. Awoc. Chm. Suer, 1900 . 27 , 662 
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Th(' total Ainnunt of alrohu) which Hill cniim> tlic Miluliiui of the 
ethor iiiulcr these coiulitioiiH is delcriiiinHl once for nil hy pre- 
liiiiiiiiiry e\{HTiiiitiiitH Deducting the amount run in fntin the 
burette gives the quantity in the 20 ee of liquid dealt nith. 

Thu hiirettu uaed ia so graduated as to ahou tiu' |KTeeiitage of 
alcohol in the HAinplo dim'tly The veaxid used for (he mixing 
haa a narrow neck, to faeditate ubMTvation of the two layoni, 
(Patented ; H Rapellcr ) 

Solublllty-curve method.- Anhydrous )K)ta8^iuln fluoride de- 
hydrates iih'ohol son)(‘whnt more clTcctivcly than potnaxiiiin 
e'lrboiiate. and like the latter, when uddeil in cf'rtain tiropnrtions 
it causes an aqueous solution of the alcohol to sc|Niiatc into l\\o 
layers If nion> water is addl'd. HujMratioii no longer oi-curs, and 
at the point a here this just hap]wns the liquid contains, for a givi'ii 
teiniK-niture. detinite firojKirtions of fluoride and nlc«>hol Kiaiik- 
forter and Frarv’ have constnicti'd a solubility (‘ur\e of )Kitiihsiuin 
fluoridi' in alcohol siater mixtuivs, and by means of it have devi.s(‘d 
u iiK'tliod of estiiiiatiiig alcohol bast'd tm (he foregoing ]*<-inci|ih‘ 

A neighed quantity of freshh -ignited |M)(assium lliioride is intro- 
duced into a weighed s(op])creti flank, then a weighed quantity of 
the alcoholic solution is added, and the fluoride dissolvt'd The 
pro|)ortioiiH of solution anti fluoiide are so chosen that the n'sulting 
liquirl separates into two layeis Water is then added dn>p by 
drop from n bun'tte, with frequent shaking, until the solution is 
just lioniogeneous again at 25 , the whole is then weighed again 
Thus the total quantity of liquid and of fluoride is known ; and by 
reference to the following table (or a curve jilottiKl from it) the 
quantity of alcohol in the homogeiieouH liquid, and tliendore in 
tho original solution, can be calculateil. 

Tlio nictliod is not applicable to solulioiis. siudi as beiT, coiitHiiniig 
a large quantity of dissolved solids. Moreover it will, of eoiirse, 
be understood that the jiroeess is not given as one for Uhc in tho 
onlinary estimations of alcohol, but as one luised uixm a dilTereiit 
principle from those of the usual methods, anil of theoretical interest. 

A nuKlilientionof the melhiKl, when'by it enn Iw uwil for i*Htiinat- 
ing alcohol in tinctures, eU- , has iK-en desenbi'd by Haines and 
Marden * Weighing is dispensed with, the volume of tlio separated 
alcohol being read off in centrifuge tubes These arc of 15 ce 
eajmeity, graduateil to 0 1 c c., and carefully ealibrateil so that 
readings can be estimated to OUi c.e. Ten cr of tlic sample 
are taken, unless the alcoholic strength is 50 per cent or mon‘, 

> EigJUh IiU. Cong, App, Chem., ini2 ; J. Fhjft. Chan., 1013, 17, 403. 

» J. Ind, Eng. Chtm., 1917, •. 1130. 
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in u'hif'h caHi* 5 c r an' with \iat(‘r ti) 10 v c in tho tube. 

Dry p<)ia>HHiiiin il ku'kIi* lii then aihh'd until the volume in the tube 
mirls nlHiiit 13 e , and a Hinnll cryatal of ninlaehite gHK'H ia dropped 
in to eoloiir the aleohol layer The IuIn' w then elowHl with a 
well-nitiiiK ntopiNT, Nlinken vigoroualy for tuo imiiuti'H, and eentri- 
fiigerl fur tuo or three minuU'M The aleohol fN'fNirates in an upper 
layer Ita voliiini' ia then read of! If ita tem]H'ratun‘ ia not 
lo'fr, a eorn'ction ean 1 m' applied, liosed on the eoiiNideratioii that 
the \armtioii in volume {ler 1^ ia appn>ximately 0*001 ee for 
each ee of alcuhol Kurther, Huiee traei'H of aleohol are ntdl 


TmIN\HY SVirrKM WATKK, AIIOHOI., and nrrASSII*M VLTIOlilOK (fh\nk- 
POHTha ASO FUAH\ ) 
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retained in the Huonde layer, an additimi of U'15 ee should be 
made to the obw'rveil reachng, taken from the bottom of tho 
meniscus AVith careful readings fairly accurate results can bo 
oblaiiu'd, namely, to within about ± U 4 per cimt. A solution 
containing 1 per cent, of akKihol just shows the presence of tho 
latter by this method. Liquids such oh acetone, easential oils, 
etc , must be absent ; and if the addition of the fluoride produces 
a precipitate, the sample should bo distilled before apply ing the 
test. AVhisky, however, can be anal^ned without distillation if 
it is first clarified with alumina cream, 
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MM. Duboiix and Diitmt* ooimlor that tho dotcriniiiatiiin uf Hip 
crittoal temperature of solution as d(^prilK>d IipIuu* ufforda a mom 
t rapid and senaitive inetliod of eatimating alcohol than the dptonuiiui' 
tion of tho specific gravity. The liquida found to gi\P the lioat 
results as solvents were ; (<4). a mixture of 5 volumes of auiline 
with 3 Volumes of 95 per i^mt alcohol, and (71), a mixture of 
1 volume of nitrobenztme with i) volumes of 05 pi^r I'cnt. alcohol 
On mixing 15 ce of liquid A with 10 cc of an n((UP 0 UH solution 
of alcohol, and heating the mixtiin*. the critical tenqieratun* rd 
solution varied pruportionutel} with the amount of alcohol in the 
aqueous solution, at the raU' of 2 35 ' for eai*h 1 imt rent iSimilarly. 
in tho casu of liquid B, each 1 per rent of alcohol causisl tho entieni 
temperature f»f solution to vary by 1 2’. 

TJic a|)paralus reipiinxl eousihls of a test-tube 3 5 cm in diameter 
andniio.it 15 em long dosed li> a <sirk, tliroiigli u iiieh is pussi'd a 
thcrmonietiT graduated in teiillis of n degn«, and a gloss stirring- 
rod (bent to a circle at the end) nhieh eaii move fretdy through 
another opiMung Fifteen e e of the liquid A and 10 i e of the 
alcoholic distillate («'</, from uini*) are gimtly heat4^il and stirred 
in the tube tint il the t iirbulity suddenly disapiMMirs On now eooling 
the liquid the turhidit.'i should reapfH>ar at the same temix^rature. 
and this h noted a.s the critical tempratiin* of solution The 
result may then he cheeked with liquid H in the plnee of A 

To ••stahlish the relationship Ixitwcon the critical Icmpi'ruture of 
solution anrl the proportion of alcohol, three solutions arc pnqianxj, 
containing approximately 8, 10, ami 12 per cent, of alcohol, the 
exact quantities being found by determinations of the specific 
gFavities. Then, by plotting a curve in which the percentages of 
alcohol form the ordinates and the respcidivc critical tenipcraturi's 
of solution the absciaso, the percentage of alcohol correspond ing 
with a given critical temperature of solution may be found. 

Applied to the distillates from wines, the method gave results 
rather higher (0 1 per cent ) than those obtained horn tlie spfX'itic 
gravity This is attributed to the presence of tncca of aubaUiicos 
other than alcohol and water, and affecting the critical tomperatUTe 
more than the specific gravity. 

Estimation of traces of water in alcohol.— Accor- 
ding to Nussbaum,* a mixture of equal volnmea of absolute alcohol 
and light petroleum ia homogeneouB when heated slightly, but 
becomes turbid when cooled. The point at which the turbidity 

< Ann. Chm. Anal., 190H, U, 4. 

,, *J. Pham. Chm . 1917. U, 230 . Jl. CAem. See. (Abit.). 1017. lU, ii, 210 



220 


ALCOHOL 


CHAP. 


appi'arn is Hhiir[ily rlofiru'd. but ifl rnisc'd b> ubout HP wlu'ii the 
nlcr»bol ('DiiUiiiH 1 prr oent. of nator. 

Tho pn'wiirc of water in alcohol may tlien*foro bo ancertuined, 
and its quantity OHtimatofl, by determining the temperaturo at 
whieh tlio alcoliol givea a turbidity when mixed with nn equal 
vnlmne of light i»etroleuin. It ia necessary, however, to make pre- 
liminary tests with light petroleum and quantities of alcohol con- 
taining delinite amounts of water, beeause the point at whieh the 
turbidity is observed depends on the kind of light petroleum used 

The hiiine jirinciplc— determining the critusil teiniierntiire of 
solution has also been applied by V RimII f(»r the estiniatioii of 
very small quantities of water in alcohol ^ 'I'ht* si>l\cnt cmplosed 
is a niKture of transformer oil aiiil commercial parnfliii oil To 
staudui'dise it, ^ii'rfectly anhydrous alcohol must he prcpdivd, 
which is done ns follows About 2 litres of 0!) per icnt alcohol 
art! placed in a largo flask with !h)0 grams of quicklime, and Ihu 
flask IS siisiHMidisl in n water-bath which can be quickly removed. 
Tlio alcohol is gently lioiled for some (lays under a reiliix condenser 
protected lu a pliosiilioniM [lentoxule guard -tube The conrienser 
IS then revermsl and arrnngeil to deliver the distillate into a wide, 
corked burette, also guarded with moisture absorption tubes 
•Succ«‘ssivc portions of alcohol are distilled over into l)u' burette 
and tested UH follows with the solvent until a constant minimum 
value IS obtaiiiod 

Kor the test, all the apparatus must 1 m‘ dried in an oven at 15(1^ 
and cverv pivcuutlon taken against access of atmosphciic moisluic 

An Kilciiim*ycr flask of about TH) e o oaiwicity fitted with a nibhcr 
stopper is ivccurntcly tared, a few' drops of water nn* intnwlucisl 
rapidlv from a pqndte, and the weight noted. Tlu‘n Ifi to 25 e c 
of alcohol are drawn from the distillation burette and the lltisk is 
weighed again, so that the grnviinotric composition of the aqueous 
alcohol is accurately known. The rublH'r Btop|K*r is replaced by 
another, which lias also be(*n drlixl in the oven, and has two lioles ; 
through Olio of tlu>so passes a staudanlised tht'rniometer, reading 
to 0 2'', anrl through the other a short glass nsl. The glass rod is 
withdrawn, the iKiint of a burette being inserted through the hole, 
and a inonsunHl volume of the solvent is run in, enlcuhiti'd from 
its specific gravity to amount to 12/13 by weight of the aleoliol 
employed. The measiirement should Im* neeurute to 0 1 e c The 
nnl is tlien replaced ; the contents of the llask are warmed with 
gimllo nitatioii until the liquid is perfectly clear, and rotation is 
continued while cooling, until a sudden sharp clouding of the solution 
^ Jditt. K. Matmalpruf., 1915, 88. 426; Analya, lOLU. 41. 316. 
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nppcarH. Tlit.' ti‘iii|M‘riitiiro at Hliirh this otruM ia tho rritical 
teMi|)(Taluro It may be noteil uitli an neeiiraev of 0 2°, nliirh 
corri'Hjionds uith 0 01 per rout of ualer in the al(‘ohol 
For n ^M\'eii oil, a Htaiulanlisation curve ia plotted, iiaiiifr dilTen'iit 
proportions of water to nioohol Tliia eiir\e may Ik* uhciI subse- 
quently for rA])id and siiiijile estimations of water in stnmfc nieohol 
Af'eordiiig to the foref;oinp procerlun*. mHtaliit muhnidts The rise 
of critical teiiqiernture is almost a MrniKht line function of the 
percentage of water uithin the limits of 0 to 2 5 per cent 
M Jones and A I^paorth have used u broninnnphthalene for 
the determination of water in moist nieohol * Weighed ipiantities 
of the nieohol and bromonaphflialem* are mixed, and tin* solution 
is eoiiled doun slouly until clouding npjHMrs An fipaleseiiiee 
ocdirs jiist above the enticnl point, but this is (‘a*4il\ distinguished 
from the triK* eritiiiil ])oiiit. when the liiiiiul Huddenl^\ becomes 
oii-opie The lem[)eratnre at uliieli this occurs is noted it \nries 
with the pi'rcentage of water in the ahohol if the concent i at ion 
of the bionionuphthaleiie is constant, and also with the eonccsitra* 
tion when this xaries A table of values has been constiueted. 
showing the percent<igc of water coiresjionding with various con- 
cent lat ions and temp(‘ratiires ■ for this and details of mnnqailation, 
the onginal paper should be (‘oiisult(*d 

Ethyl alcohol in the presence of methyl alcohol. 

Wlieie a coiisiderublc proportion of ethyl ah-ohol is mixed with 
iiiethvl alcohol, the refraetometer, as alri'ady explained, will both 
show the jiivscnce and indicate ajiproxi iii.it ely the projKirtion of 
the ctlivl alcohol (Ir the proiHirtions of the two may be deduced 
from the density of the mixed iiKlidch (Ihudv and Meker's method) , 
or the niethvl alcohol ina^ Ik* eatminted se]iaiiitelv h\ one of 
the methwis deserda'd earlier, and the ethji alcohol taken hy 
dilTeri'iiee 

Hut when only a small quantity of ethyl nieohol is enntainefi iii 
a large volume of m(‘thyl alcohol, the jinibleni of its detection and 
estimation becomes more diflicult. With such pro]X)rtionH ns one 
or two ])er cent, of ethyl alcohol probably Herthplol's well-known 
inethml is the beat. It deijcnds upon tlie eonreraion of the ethyl 
alcohol into ethylene by means of sulphuric acid, and the absorption 
of the ethylene in bromine with the formation of ethylene dibroinido, 
which can be separated and measured. The details of tfaia procesfi 
as u.scd oilicially in France are given by M. Louis Calvct* as follows 
Into a flask of about 2 litres capacity fitted with a safety-funnel 
and connected with a wash bottle containing water, are poured 
’ Ttifu thtm ice, 1D14, 105, lOfiC. * "Alcools," jj. 164. 
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350 c.c. of Bu1phuri(‘ acid at 60** Be To thiH ia added earefully 
50 c.c. of tlio methyl alcohol, avoiding too much rise of tcmiMirature. 
The n«ction ia allowed to proceed during half an hour, after which 
the flotik Ls heated, at lirat gently, and then more rapidly and 
Htrongly. The vaponn given off are paatiod through the wash 
bottle to remove sulphur dioxide, and collected in a bell-jnr of 2 litres 
(•npa<’ity, over water When the jar is full, which will bo in the 
course of about an hour and a half, the gases are passed through 
another wash-bottle containing a solution of potassium hydroxide, 
and then through an absorption bulb containing bromine covered 
with a little w*ater. To the outlet of the bulb a washing jar con* 
taining eaiistic potash solution is attached to absorb any bromine 
vapour carried over 

When tho operation is finished, the contents of the ahsorjition 
biilh ani {Kiiired into dilute alkali solution, which absorbs the excess 
of bromine, leaving the ethylene dibromide imdissolved, in the 
form of oily droplets The volume of tho dibniinide is measured ; 
each 0 I c.c. corresponds with almut I per cent of ethyl alcohol in 
the li(|uid taken for analysis. 

Doniges has de.scrilM‘d a inetluMl for detecting cili;^! alcohol in 
the pri'senee of methyl alcohol, w'hich can also be used for estimating 
tho proportion. Tlie process is Imsrd upon the fact that ethyl 
alcohol is rcoilily oxidised to acetaldehyde by means of bromine 
water, whereas incth}'! alcohol under similar conditions is not 
appn'cialily affected * 

A iiiixture of 0 2 c c. of the alcohol to be U'sted and 5 c c. of 
bromine water (0 3 c.c of Br in .50 c c of water) is heated in a 
boiling watcr-batli for a period of five to six minutes, unless tlie 
culuiir is dischargiMl sooner. The mixture ls Uicn cooled, and if 
still coloured, a solution of Bfaliiiin sulphite f commercial, .30 to 
41)” Be., diluted to one-fifth stnmgth) is added drop by drop until 
tho colour just disappears. Then 6 c.c. of fuchsin-bisulphite solu- 
tion are added, and tlie mixture allow'ed to stand for five to eight 
ininutt'H. In the prcsenco of ethyl alcohol a red or reddish-violet 
colour is developed, tho intensity of which is proportional to the 
amount of ethyl alcohol present. One per cent, of ethyl alcohol 
can thus be detected, and the method can be mode quantitative by 
comparing the colour with that obtained from standard solutions 
containing known quantities of ethyl and methyl alcohols. 

Tho fuchsin-bisulpliite solution is best prepared by adding 10 c.o. 
of sodium bisulphite solution (30” ) to 1 litre of an aqueous 

Boliition of fuchsln (0*1 per cent ), and when the colour has become 
t HM. Hoe, eAim., lOll), 7. 991. 
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faint, mixing in 10 r r nf rnnrontratofi li^'drcM'hloric acid Holution. 
With very Hiiiall quantiticN a blank cxpcriiiifint on pure iiieth}! 
alooliol iH iniub*, for eoiniiarison. 

In tho abHonce of iiietb>l alcohol, or if only a Miiiall projwrlion 
is prcwiit/othyl alcohol is dcti'ctcd by adding an equal volume of 
nieth}! olcohol In the aample under examination, and applying the 
test as described In examining very dilute solutions (0*5 to 3 0 per 
cent.), the mixture Ui be heated is made by adding 0*2 c.c. of methyl 
alcohol and U 03 c c of bromine to a c.e of the alcohol for testing 
Determination of alcohol in chloroform.- Smnll 
quantities of alcohol are often added to ehluroforni as a proservativis 
capecially tr* chloroform intended for pharmaceutical purposes. 
The Britisli PiiHrmacopieia requires 2 ]irr cent, of ahaolute alcohol 
to be added iTor quantities of tins order tb ‘ following method is 
satisfactory. 

Pifty e c of the sample arc extracted in a aeporalor aith strong 
sulphuric acid, firsk with 2() e e , again aiUi 20 c e , and finally 
with H) c c. The aci(^ extracts ore run into 200 c.e of vuler, and 
distilled gently until ICO cc have been collueted The distillate 
is saturated aith salt petroleum ether to remove 

any traces of ehluroforni, distilled again, the distdlate 

made uji to 1(K) oc. with w^ter, and the proportion of alcohol 
det'rinined from the apeciiic gravity in the usual manner. 

Fui the thieeUon of alcohol in (\lon»form the same method may 
bo UH(‘d for the extraction, except that 10 cc will usually sufliee. 

^ with proportionately smaller quantities of acid and w’ater, and the 
treatment with petroleum ether is not neewsary To the distilliit^' 
from the acid the iodoform test is applunl, Bupjileineiited if dc'sired 
by any others of the qualitative tcbts alri‘ady dt'senhed Take 
lU e.e of the distillate, add 0 dro])6 of a 10 (xt cent solution of 
; potassium liydnixide, and warm the liquid to about 60”. A solu- 
tion of potassium iodide saturated with free iodine is next adderl 
drop by drop with agitation, until the liquid becomes permanently 
yellowish-brown in colour, when it is carefully decolorised with 
, potassium hydroxide solution If ethyl alcohol is present, iodoform 
i, is gradually deposited at the bottom of the tube in yellow crystals * 
Nicloux's method for efitimating alcohol in chloroform is given 
, in some foreign pharmacopieias, and is often usc^ful, though not 
* very accurate as described. Five c.c. of the sampb ore shaken 
. . with 20 C.C. of water to extract the alcohol ; 6 c c. of the atiucous- 
nlcoholic extract (which should contain not more than 0 2 per cent. 

■ Hagpr, aa quoted by Baakervilk* and Hamor, /. Ind. Eng. Vhftn., 1912, 
i502. 
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of alcohol) an* mixc<] in a tcfit-tubc with U 1 to 0*2 c c of a solution 
of potassium bichnmiato (10 grams pr litre), and then with pure 
Hidphurio acid (D - I 84), added cautiously When the acid is 
ill Muniuiunt quantity (4 5 to 6 c c ) the solution is decolorised, and 
thu liquid is nf>w gradually titrati'd uith tho bichromate solution, 
being shaken and gently warmed after each addition, until tho 
colour cluingf's from greenish-blue to a permanent greenisli colour ' 
This change is most n*adily recognised in solutions containing less 
than 0 2 per cent, of al(Hjhol. 

It is advisable to make a second ex{M‘riment in which tlie amount 
of diehi'omute used in tho flrst determination, less 01 e e , is run 
in at oiu'o, the sulphuric acid added, and the liquid heated to boiling 
TIh! eonlents of tho tula* should nunain greenish- blue, whilst in 
another determination in which 01 ee. of dichromate more than 
tho first ri'ading is oilded, tho colour should (-hiinge to gmmish- 
yellow The number of ec consumed, divided by 1,(M)(), gives the 
amount of nhsoluto alcohol in c c per e c of solution When tho 
proportion of alcohol is less than 0 1 per cent , the stnmgth of the 
dichromate solution should be doubled 

As mentioned above, this methcNl di'.'S not gi\c vtTV ni'ciirato 
r<‘sult.s, the reason lunng that all the alcohol is not n'lnovisl by tho 
tn’atment descnbeil. This can b*, done, however, by shaking 
the chloroform with twico its voliimo of water, separating tho 
niiueouH extract, and repeating tho opt'ration at least ten limes. 
The eomhiiied extracts an> then made up to a delinite volume, and 
a suitable ([iinntity taken for the oxidation 

Another useful method for the detection of alcohol m chloroform 
is one proposed hy Thresh ' The sample of chloroform is shaken 
w'ith nil equal \<ilumr (»f water, the aqueous extract distilled with 
Hulpliurie acid and potassium dichromate, and the distillate tested 
for acetaldehyde hy passing it into a tube eontaining a few' e c. of 
a strong (syrupy) solution of eaustic soda. The liquid in the tube 
is Innled for a few sceonds, and then set aside for a couple of hours. 
A yellow colour and a characteristic odour are developed, and if 
the proportion of aldehyde is sufiioient, flocks of tho aldehyde-iesin 
are deposited. The general directions given by Thresh for the 
oxidation of dilute alcohol solutions are to use 100 c.c , 2 c.c. of 
saturatwl solution of potassium dichromate, and 8 c c. of a dilute 
sulphuric acid (equal quantities of B.P. acid and water), rlislilling 
20 c.c. of the mixture. As applied to the detection of alcoliol in 
chloroform, one-fourth of these quantities, or less, can be token. 
Thresh made the method approximately quantitative by colon- 
> C'Aeui. 187S, 88, SBl. 
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ttietric cBtimation of the resin produced (dissolvinl in warm aliHihol 
and diluted to match standard solutions), but the method already 
given is preferable when quantitative results are required. 

Estimation of ethyl alcohol in mixture with 

acetone.— Where the proportion is not too small, an approximate 
dbterinination of the albohcd* can be made by converting it into ethyl 
ibdtile and measuring the volume of Uiis. The following process 
stm be used for mixtures of alcohol and acetone containing 10 per 
wnt and upwards of aGcohol. If more than a small proportion of 
water is pTeHPiit-»abouC 6 per cent . say— the mixture should first 
be dehydrated with lime or potassiura carbonate. 

Where the proportion of alcohol is likely to be low— not more 
than 20 to 40 per cent, by volume, say- 20 e.c of the mixture are 
taken, and added to 20 grams of iodine in a small flask, together 
with 5 c c of water : the latter helps to regulate the reaction. 
Two grams of amorphous phosphorus are then added, the flask 
attached to a small reflux condenser, and the action allowed to 
proceed for about ten minutes If the action becomes violent, 
th(' flask must be cooled a little. 

When the reaction is over and the flask has cooled down, the 
condenser is revcnii'd and the mixture distilled. The ethyl iodide 
is collected under 15 c c of water contained in a graduated 26 c.c. 
c^\linder, surrounded by a bath of cold water , and the distillation 
is 1 ‘ontinued as far as practicable in order to obtain the whole 
of the ethyl iodide llie delivery-tube should dip nnder the 
surface of the water in the cylinder , and it should preferably 
bo a bulbed tube, to guard against liability to back-suction 
due to absorption of hydriodic acid gas by the water. When 
the iodide is all collected il should be allowed to sottlo for some 
hours, and the volume read off. Each c c. of iodide - 0 673 
gram of ethyl alcohol. 

With higher proportions of alcohol 16 c c or 10 c.c. of the ai'etonO' 
alcohol mixture sliould be taken, and treated in the same mamicr, 
but using 30 grams of iodine and 3 grams of amorphous pbospborus, 
instead of the preceding quantities. Where nothing is known as 
to the probable proportion of alcohol, or indicated by the specific 
gravity and refraction of the dehydrated sample, a preliminary 
experiment should be made, using 10 o.c., and the larger quantities 
of iodine and phosphorus, and the experiment repeated with any 
neoessary modification. 

Detoetlon of aleohol (ind aldolgrdo) In proMnoe of acetone.— 

.. According to H. Agulhon,^ a reagent prepared by dissolving 0 6 gram 

. * Ann. CAim. AnaL, 1012, 17, 60. 
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f)f |i()tHHiiiiiii (licliniTiialc in HM) c o of piiro nitric iicid, sp pr 1 310, 
pivcrt u liluo cohnir nt one*!*, in tlio (‘oKI, uitli alcohols and a1dcli\dcs, 
hilt do('s not n‘a(‘t with ketones until after some hours' conlaet. 
Onn e e, of pure acetone with 3 e e of the n'lipiml develops an fih\c- 
preen colour only after three hours, a sedution of acetone (1 : T)) 
riMpiires twenty-four hours to form the colour With solutions of 
alcohol, and of formaldehyde, a blue colour a|)|Hsirs in ruie or t\io 
minutes nt a dilution of I in 2(K1 , with dotihh* this dilution no 
colour n])fM>iirs Apjiroxinmte determinations of the alcohol or 
aldidiydo I'lin he made enlorinudrically by incsins of the 
n'npent. 

Estimation of acetone in presence of ethyl 

alcohol. --'-•I Ilakshit mmldies Messinper's nudhod hv siihsti- 
tiitinp lime water or bar\ta water for c.iu.stii' ])otiish solution, 
with the view of dimiiiisliinp the error due to formation of iodoform 
from the ethyl alcohol > 

'Pile sample to he evamined, containinp ahout ll (lo pram t»f acetone, 
is, placed in a Tolt ec (lask, and 31M) ee of fieshh -prepared lime 
water added; the flask is ioosel> <‘losed with a riibliei cork, and 
heated t<i ahout 3.1'* Drop by dnip 5 ce of .V/5 iotline sidntion 
an^ ad<le<l, and the mixtiiie slmken for live mmuli-s, then another 
5 ee. of iodine are similarly adiled with shakinp, amt so on until 
4(1 e V ot iodine have heeii run in If diirinp the addition the colour 
of the iodine |M«rsists after thorniiph shakinp, inoic lime water 
should he added T(*a miuiiti's after the final addition of i(»dine. a 
few drops of starch solution an’ added, the contents of the llask 
shaken anri cooled, l."i ec of A', I -sulphuric acid run in, and the 
excess of iodine titrated with AVKI-thiosulphate The number of 
c n, of iV/;Viodine iisisl up. multiplied h> (MKH!I3, pives the ijiiantity 
of aeetoiie |)re.sent 

Kaeh e o. of ethyl alcohol present was found to ii.se u]i OS re 
of AV/5-i<Nline. and this (•orn’ction should he np])licd. Accurate 
results are pivcn with I jairt of acetone to 10 of alcohol, with 
1 to KMI fHirts of alcohol the results aie less satisfaetorj', as the 
eorrection is then ndatively great 

Estimation of ethyl alcohol in ethyl ether.— When 

the pniiKirtion of alcohol is not tiMi small, the following table, due 
to Meker,'* maybe iisisl to aseertniii the pro|M)rtioii from the dimsity 
of the iiii\lun> The latter, if not anhydrous, should he dehydrated 
by treatment w'ltli potiiHsiiim carbonate. 

• Itllli, 41. 24/i. 

* ('iilvH, ‘ AlcooN," p. ;il2 
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A1nih.il, 

l)j4 : 0 7%. 

Kilv-i, 

0 720 




l)i‘iMi(y 1 



|)i‘iMi(y 

Kthrr 

Al(*«iliiil. 

Ht 15 ! 

Ktliei 

Ali'iiliiil 

lit l.V 

IISI 

0 

H 720 ' 

5(1 

50 

0 7035 

95 

5 

0 7J(I 

411 

('•It 

0 771 

‘Ml 

IH 

0 731 • 

30 

70 

0 7775 

Hj 

lA 

0 7355 

20 

80 

0 784 

M) 

•M 

0 740 1 

10 

IN) 

0 71NI 

70 

3(1 

0 74S 

0 

1(H) 

0 795 

IM) 

4(1 

(’•7.i(i 1 




For alcohol of tri per 

cent stn-nuth the densities an* as 

follows 


Ali'ohnl, 

III iHity 


Mi-iiliul, 

IN liKilv 

KiIht 

•iri |l••| ci-iil. 

III 15 

Kllvr ! 

!l'l |M 1 iS'llt, 

St 15' 

!I5 


0 727 

80 

20 

0 741 

90 

Ill 

0733 

70 

30 

0 755 

s:» 

15 

0 739 

(10 

40 

0 7055 


VVhi ‘11 tli<‘ ainnijiit of ulcolinl m Iimi *4||i,i|| in In- l)\ 

mcaiH Ilf the the folioninu priH-eMi, ftm- to P SM-heren^i' 

may he A(lo|it<‘(l It is haiw'd ii|Yon the fiut lliat ahohol is n-nililx 

OKUliseil by a iiUHlerulely ai id solution of ]M)taNsiinii diehioiiinte. 
whilst ether is hut sh/'hfly alTirted 
Fi\e < r of the sample are dilutist with water to KKI e e Thirty e o. 
of this arr* plaeed in a .'HXt ec llask, iiitowhh'h have aliead.s hem 
intnidiiced 10 e c of A 72 diehromate, 2*1 ee of dilute suljihune 
ac'id (I ’ I), and 40 ei- of watiT After hoiliuK for lifti-en niiniites 
under a vertical eondeiisi-r, and eiN)liii)' the excess of dichnniiate is 
titrat'd iiHlniiictiicalU \n\th]n^ iilaoi 0 0 <-e of dichioinate 
iisi-d represimts 0 04 in^ of ahsiliol for each e e 'Die exact ([iiantily 
of dichniniate used iifi h_x ether niiist he deteniiined hy I'xjienMieiit 
For somewhat laruer amounts of alcohol, A cc of the aijiicoiiH 
solution an* taken with 20 e e of the diclmmiate, Ori c v of water, 
and 20 c c of tJie dilute suljiliiirie acid. In siieh cnsi's, no correc- 
tion n(*ed la* made for the dh’hroinate used up by the ether 
If the ether is also to lx* estimated, a 2 ]N-r cent nipieous Holiition 
in pn'jHin-d, and 10 e.e an* treated for ah ohol, as (h-scrihed AiKtther 
10 e e are then place*!! in a stopjiensl oOO e e flask with arldition of 
40 e c of iV/2-dichn)mAU’ aiul 40 e e. of sulphuric acid jirevioiisly 
mixed with 10 e e, of water, and efxik*d Afk-r waiting for twelve 
houm, the contents of the flask are diluted with 400- TitKl ee of 
water, and the cxc(*sh of diehroniatc is titnikxl as Ix-fon*. 

After diHliieting fnim th<* n'siilt the diehromnt4* used u|) by the 
alcohol (multiplied by 1 1), the proportion of ether is found liv 
multipl>iiig the number of c e. reduerd by the foe*! or 4 6 

1 jetteA. atud. Chem., 1915, M, 409-11. 
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Tho following approximate method fur the determination of 
alcohol and ether in a mixture of the two is described by J. Fleiacher 
and H. Frank.* 

When 10 c e of a mixture of alcohol and ether are treated with 
o c.c each of benzene and wnter, HCpamtion takisi place, the alcohd 
going into tho aqueous layer and the ether into the benzene layer. 
The proportioiirt of alcohol and ether can then be determined 
approximately ))y the increase in volume of the two layers. 

If the alcohol-ethcr mixture already contains water, tho specifio 
gravity of tho mixture must first be ascertained Tlic volume of 
tho etIuT is then rit>tcrmined‘in the fort'going manner. The speeific 
gravity /> of th(‘ afpieous alcohol in tho original inixtun* is calcu- 
laU'd fnim the foniiida 

^_l(W-.0-720a 
\i) - a ’ 

where d - the Hfaxific gravity of the original mixtim‘, a -- the 
nuinl)er of c c of ether found in the 10 c e , and 0 720 - the sp. gr. 
of ('tiler, Fmm the value of IJ tlie iK*rcentage of alcohol is obtained 
from the tables ns umial. 

For determining small amounts of water and alcohol in 
" amosthetie " ether a pnicess has been worked out by Mallinckrudt 
and Alt * It dopeud.s 14)011 the removal of the water by means of 
a weigluM] (quantity of ])otasHiiim carbonate, any alcohol remaining 
with the earlionate being eliminated by washing with absolute 
ether. 'Hie o|wrationa arc carried out in a Fegnault pyknoineter 
as used for estimating the specific graiity of solids, and the increase 
in weight of the potaasiiiin carbonate gives the quantity of water 
in the ether treated 

To det(>rriiiiie the alcohol, another portion (100 grams) of the 
sample is dehydratwl by treating it in a stoppered flask for fourteen 
hours with freshly-dried iM)ta.<isium carbonate (40 grama) The 
siieoific gravity of tho unh>dFous mixture of ether and alcohol is 
then uaeortaimMl, and the proportion of alcohol read off from a 
curve which has Imx'Ii constructed with data given by mixtures of 
ether and alcohol in known amounts For these data and the 
details of luanipiilatiou the original papcj sliould be consulted 

A simpler procedure has been described by K. L. Perkins, who 
determines both alcohol and water from the specifio gravity of the ^ 
sample, taken before and after dehydration with .potassium 
earbuiiatf'.* 

> ChffH. 1007, 81. UCj). • J. /mi Eng- Chem,, 1910, 8. 807. 

> Ibtil. 1917, f. 621. 
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The epocific gnvily of tho other is tskrn at i&'jiS". From 
'100 to 200 CO arc then placed in a fluak, 30-50 gmina of (dr>) 
potaa.<iuiin carbonate addc'cl, and the tnixlun* alloucd to atand for 
twenty -four houni, with (HH'nHional ahaking The NiK'cifle gravity 
of the trcaUnl etlnT ia then again determined ])y ndenmec to a 
graph eonatrueted from the undennentioned data tlic iiercentagcrt 
of Imth alcohol anti aater are obtained. 

ihiro anhydrous ether has the ap gr. 0 701N)S at 257^^^ Mixtures 
of this with known quantities of “ absolute alcohol (0 to 4 per 
cent.) and water (0 to 1 ikt cent ) were made', anil gave the speeifio 
gravities shown in tiie table Inflow. The ah'ohol contained O'M per 
cTnl of water h> wisght, thus intnalueing the small quantities of 
water (0(MMj. 0012. cte.) .shown in the wcoiul column. 'Hie per- 
eentnges an* hy volume 
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WiitiT, |M‘rv<'iit by 4oiunio. 


Alfolml 

IMT iVllI 

U 1)0 

0 23 

0 r>o 0 7.> 

KM) 

liy Mil 







\t alvr m 


S|MH‘ific gmvily lit 2GV2r>', 


0 

limn 

tl TililtiH 

0 7lhH) 

0.7IJ40 0<7137l) 

_ . 


IIINM 

0 7I(MIJ 

0 71210 

U7133H 0 7UII0 

0 71622 


IIOIS 

u 7rio.-» 

0 7133;i 

0 71474 0 71SI2 

0 71742 

•j 

(MMH 

U7I.1:!2 

0 71447 

0 71720 

0 718.10 

*4 

0 il.'b 

U7lt'J9 

U'71Wfi 

0 71001 0 71K'2H 

0 710.77 


'Phe value of the specific gravity obtained for the dehydrated 
ether is n-fernil to the lowest curve in tlie ammi|Ninying diagram 
ITiis gives the jrerceiitagc of alcohol in the delivdraU'd ether, 
which IS praiticttlly that in the original sample. (A eorreeiion 
could be maile on account of the water ct-inoved, but it would 
always lie less than 0 Itj per cent ) 

The intersection of a vertical line through the imlnt thus found 
with the horizontal line repn-senting the specific gravity of the 
oriffinal sample indicates the quantity of water in the sample. 
If the point of intersection falls on one of the curves, the percentage 
of water is riiown by that curve. If it falls between two curves, 
the percentage is obtained by interpolation of the vertical distance 
between them. 

Estimation of small amounts of bensene in 
alcohol ■ — following meUiod is due to Holde and Winteifeld.^ 
I Vhem. ZaL, 1908. St 313; (Afasl.) Anal^, 99, 242. 
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ti CHEMIRTRy OP METHYL ANO ETHYL AIjobWOM Ml 

It in u|i(m tin* filet lliiit on (Iii<tilliitioii tlie whole of the henzeiie 
pusses oxer in the lirst Itt |xt rent of the ilMillute. iiiul ii]ipears ti.s 
an oilx laxer iio.iting on the Miitme 
One hiiiulieil e4' of the ahoiiol iimler exainiiiutioii, dihiteil xxitli 
siillhnsit water to tiling the aleolmlie htieiifjth to L»4 7 pi-r leiit 
hy weight, aie ilislilleil. .iiid the liiM Itle e of the distillate eolhs-tid 
ill a llask (ooled with ueiold wiilei On diliitiiii; tins distillate 
Willi Idto^ttee of watei ami tiaii.sfeiiiii^ it to a iiieasiiiin^ <-\liiu]er 
or a hiiielte. the |iro]M)iltoii of s<‘|uuateil heii/eiie max he lead 
diieetly TIu* heii/eiie reiiiaiiiin^ di^solxed in the turbid low it 
lax'iT •uinaintfi to iihoiit 0.‘) per cent hx xohiiiie.and is piaetnnllx eon 
slant whether the oii^nnal cpiantitx of heiiyeiie l.c* tl a or o per cent 
A inodifiealion of this niethiMl, dui‘ toWolir.'can he iimmI fir 
the determination of ellics in aholiol as well as heiueiu* 

thie hundred ec of the sample aic‘ diluted until the hpiriin 
^laxitx Ks (I'.lfi, and distilled into a {.uaduated rxliiiiier (Mill e c* 
lapaiitx) until 2<l ee haxe been collected The- delixerx tiil'i- of 
the loiideiisei .sliiMild dip at least .‘I cm into the eximdei 
To tin* disiilliite so I ( of a ( oil! (‘iitiatecl sodium 1 hloi all solution 
aie added the* iiiivlmc' shake ii xi^oicaislx Iwisitx times, and allowed 
to stand The xoluiiie of the upjsT liixei tilves the piojioi'tioii oi 
etlicT (or beii/eiu*) III the sample 

llubblis o| ether i‘ntiamed hx the sodium ehloiide me isisily 
fie* j bx turmiiu OI tappmu the f xlmili I The etioi ol I>xpeiinieilt 
Is usii.illx less than (I a |M't cent If the uleoliol loiitaiiis iiioii‘ than 
alaail 12 to I't [mt lent of ethei, atl oi 2o e e ale taken fol distlllii 
tioii instead ol MH) e «* 

Mixtures of ethyl iodide and ethyl alcohol. 

The boiling points of xanoiis mixluies of I'llixl iodide and ethxl 
alcohol haxe Is'cii dcdermnied by S (’ .Inna and .1 N S lliipla.* 
At normal pressiin*. the lesiilts wen* as follows 


I’ll lent Ilf 


I'm II 111 Ilf 


I'lli}! |ii<llifi' 


«'lli\l lll■il■l«' 


III lllixtilli 

Jh> 

III iiii\tiiii 

Ii,. 

Jli li«l 

7u J 

78 :n. 

l.l u 

.Ti IHI 

CiS s 

HI 87 

lit t 

41 W 

117 (1 

hs .I'j 

lit 3 

rti m 

IM N 

INI rsi 

m r. 

.IT is 

(ilU 

ill .'in 

rtj 0 

m 7(1 

h:i3 

07 1)3 

1.4 II 

Uti4J 

1.2 J 




A mixtun* (‘ontuniing S 7 jkt ireiit of icHlide and 13 jmt cent 
of uleohol distilled as u hoiiingeneouH licpiid at 01 2 ' 

Determination of alcohol in the presence of 

phenol.-- -If alcohol LH m.'paraU'd from phenol by diHtilling a 
I ('Atm Zm , I'JIV, H 1103. * J. .Imer. C'Acm. A>'(k . 1UL4, 86. H’l. 







strongly alkaline solution of the two substances, the distillate will 
contain some phenol, due to dissociation of the alkali phenate. 
According to J. Khrlich,' a complete separation is obtained if the 
phenol is converted into tribromophenol before distilling. A 
preliminary separation by distillation from alkali is. however, 
dosirablo unless the quantity of phenol is small. 

Fifty c c of the sample are measured into a 300 c c. flask con^ 
taining 30 cc. of water, and made strongly, alkaline with about 
20 c.c. of sodium hydroxide solution. The liquid is then distilled 
into a 50 0 c. flask containing 1 or 2 c.c. of water, the end of the 
condenser being extended no that it almost touches the level of the 
liquid in the receiver. When nearly 50 c e. of distillate have been 
oollected, the contents of the receiver are made up to the mark, 
shaken, and 25 e.c. measured out into another 3(X) c.c. flask 
containing 30 c.c. of water. Tlio phenol is precipitated by adding 
bromine water drop by drop in slight excess, and the liquid at 
once decolorised with a few drops of normal solution of sodium 
thiosulphate. Suffieient Vttroiig sodium hydroxide solution is then 
added to dissolve the tribromophenol and leave a decided excess 
of alkali, but the total volume should be less than 100 e c. The 
liquid is distilled as before, the contents of the receiver are made 
up to 50 c c„ and the 8]H!'cilic gravity taken The percentage of 
alcohol corresponding with this specific gravity, multiplied by 2, 
gives the percentage in the original sample. The action of the small 
excess of bromine on the, ethyl alcohol is inappreciable in a 
short time at t'lo ordinary temperature, and introduces no 
error. 

Acetone, Alcohol, and Benzene.— A method of 
determining small quantities of acetone, alcohol, and benzene pro- 
sent i« air has been described by Rlliott and Dalton.^ A measured 
.volume of the air is aspirated through the undermentioned liquids, 
which absorb the respectiive vapours An alkaline iodine solution is 
used for absorbing the acetone, and the excess of iodine titrated 
with standard thiosulphate. The alcohol vapours are oxidised to 
acetic acid by means of a dilate solution of chromic acid, excess 
of the latter being then titrated with iodide and thiosulphate. 
For absorbing the benaeno vapour a mixture of strong sulphuiRc 
aoid and fuming nitric acid is employed. With the benzene this 
yields dinitrobenaene, which can then bp extracted with ethqr, 
and estimated by reduction with a known quantity of stannous 
chloride, the excess of the latter being titrated with solution of 
iodine. 

* /. Jad. Ens Cto. lem, 9, 2<D. • Anal^ lOiO. 44. 13X. 
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In a [)n)a(l, general Henno, the term “ alcoholoinetry " bigniflea 
the determination of the proportion of alcohol ecmtamcd in a liquid, 
whatever the nature' of the liquid and whatever the method used. 
Ft is usually, however, employed in a somewhat narrower sense . 
thus ehernical proeesbes, such as the determination of alcohol by 
oxidation to acetic acid and finding tho amount of this acid prfNlueed. 
would not generally be considered as coming under the head of 
“alcohnlometry.” Neither would such oiNTations as tlie pre- 
liminary extraction, purification, and distillation, which many 
liquids must undcigo in the determination of their alcoholic content, 
b'‘ regarded us operations of alcoholonietr}' in the narrower and 
more usual sense “The determination by physical methods of 
the proportion of alcohol in mixtures of alcohol and water ’’ indicates 
fairly well what tfie term generally connotes. 

The method almost invariably employed for the jiurpoM' is to 
determine the specific gravity' of the mixtun' This is done either 
diroc'tly, by means of a specific grab'll}' bottle, a Sprcngel tube, nr 
other form of pyknometor ; or else indirectly with a hydrometer 
or some form of hydrostatic balance Next in impurtaneo to these 
means is the refractometer, which in certain cases can be usefully 
employed for estimating alcohol Other physical methods are 
sometimes mode use oY, such as those depending, for example, 
upon the temperature of ebullition of the mixture, or on its vapour 
pressure ; for those see Chapter VI. 

Specific gravity.— In the laboratory the specific gravity 
bottle is generally the most convenient instrument to use for 
•rdinory miscellaneous work ; but if a large number of routine 
geterminations have to be made, it is a common practice to use a 
hydrometer. A particular form of the latter instrument is abne 
Dsed by revenue officers in assaying spiiitB for fiscal purposes, oi 
js desoribed later on fsee ** Hydrometiy 
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The H|)ecirie jp'iiviiy hottle Ih made in vuriouH aizi^s, 50 c c., IfM) c e , 
or 1,0<N) ^raiiiH heiiif; the iiioat generally coiivenieni The form 
moMlly iiHed ia fitted with a iicrforati'fl atopperp ivliieh alien jniHlu'd 
home allowH the eKceiw of liquid to eaeaiH' through the [terfonitioii ; 
and the hotth‘H are eari'fully adju.st(‘d to hohl the rei|iiin‘d weight 
of water nt the |iro|M‘r temiieriitiire when tin* exuded eveesM of 
liquid hart li(‘en removed 

In tlila eountry the tiMii|)erature F ( 15 50’ (' ) in the one 

UHiially iidopl(‘d an the ataiidiird tomp(‘rutiin‘ in iileoholonietrvp 
and it is the pi net tec in trade eirehsi to ref(‘r h{M‘eilie grnvitieit 
of nleoholn' liquida to water at this tein|KTiil me taken km 1,0(M) 
TIiiih beer of sp gr 1055 (water - 1) ih said to lm\e the 
ap gr 1,055; and dilute aleoliol of ap gr OOS4-2 ih referied 
to iiH of Hp gr 0S4 2 This has the practical 
uilvantage of iiniking the diief ligiircs 
integerH, and mliicing the deiinuils to oik'. 
or at most (wo 

For thiri reason also, ni dealing with 
spirit nous liqiiois for trade or liscal pin 
poHCH in this country, il inaii> samples iiiv 
exuinined it is convenient to ii.se a I IMNI giain 
H|Hri(ic gravity bottle and take the weigh(.s 
in grains Tliis gives the sp gr without 
calculation It also econoiniHcs time in dis 
tillatioii, compared with what is i(S|iiired 
by the use of a KKl cc hot th‘, since in the 
former catH* it is only iiecessarv to distil 75 c c , 
whilst at least IK) ee must be distilled 
it the larger bottle is used For occahional 
n'quin'iiients, lioweviT, un onlinarv KM) e c 
or 50 c e bottle with gram weights is iierfectlv suti.sfactorv 
In using the bottle form of pyknoineter, tin* liquid to Ik* tested 
is first brought as nearly as praetieable to the staiidanl teniiH-iature, 
and the bottle tilled nearly to the iieek with it A .sensitive ther- 
mometer is then insertiHl, and the liquid brought exactly to the 
standard tem|X'rature by placing tlie hotth' in an iee-bath, or by 
wanning with the hand, as may lx‘ requiit'd ; the liquid being stirred 
fnM]uently with the thermometer The latter is then removed, 
tho bottle tilled up to the top, the stopper inserted, excess of liquid 
at onco wiped off the top of the stopper, the bottle eurofully dried 
externally with the balance-eloth, and W'eighed. 

The ajiecifio gravity having thus bi*en determined, the eorre- 
spoiidiiig iwrci'iitago of alcohol is obtnuu'd by refenmee to a suitable 
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tabK‘ Tlic (m(‘ apiM'ndrd (|t 237) ih nhrul}!tMi tinni ullii'inl (idili'a 
]iubUslu‘(l for till' Jiuanl ot (Ustoiiis uiui Kvcim* hi 1!M2, and h 
rcpnidiiml lim* by }htiiiishuiii of tlio (Vuitiollrr of H M StahonrrN 
01K(‘(‘ ll la laiHt'd upon a careful leviMon of Ihc ii'Niilta olitaiiicd 
by McndeliriT, the Kaiscrliclic Xoniiul Kiehiiii^rs KoiuniiMriion, 
Hla^dcn and (jilpin, and Jhinkwater , it im belie\ed to Ih‘ one of 
the most iiceurute and trustMortlix alcohol lahle^ in exisli'iiee Tlie 
rcviHioii usLs carried out at the (!o\crniiunt l^nhoriitoii, l;<oiidon, 
under the auMpicea of Sir Kduard 'riiorjM'. who wun at that lime 
the ])rinei|Nd cliemiHl of the Jalioratoi^ 
Temperature-corrections. If for any rejwon the 

.^pe(■ltic t;r.ivit \ of the alcohol ih not taken at the standaid tempera 
tiire. it is necchwiry to include a corn'd on to com|N‘iiHate for the 
deviation The correction in peiilei at higher Mrcii^lliH than at 
lov\cr, iiH will be Hccri from the table j/iven below, which i.s umsI in 
the following manner 

The diftereiice between thi' .standaid tcmpeiatiiie and the actual 
tenipi'rature ot the ohscrMition w multifilied by the tippropriate 
factor, taken from the table If the actual temiK'iatiiie ih higher 
than the htamlanl, the product m added to tin* obseiNcd Hjiecdic 
gruvitv , if It w lower, the product ih mi hti acted The unit 
throughout is water at the sinmitrd tem|Minliire ((ill' V) 


Tiiii.i. or n Mi'Utiri'ii'. « i tio;ciii»v^ 


('(irn « Iciii fi'i 


(’iirns'lniii fi»r 


•Sp niiu 


IK I <• 


Sp fiiio I 
1 


I'K 


I'U 


0 7!U 
0 Hilt 
0 NN!I 
0 (lO j 
II nil! 
IMLM 
0 lIJN 
n 

0 1140 
0 !I43 
0 94» 
II 049 
0 QAI 
11 053 
0 035 
0 957 
0 950 
0 961 
0 962 
0 063 
0 965 


0 11(10 III 
43 

II 


41! 

41 

40 

:i'i 

:iH 

37 

36 

35 

34 

31 

32 


31 

30 

29 

2 K 

27 

000026 


II I1IHIS3 
SI 
79 


7li 


72 

70 

(>K 

07 

65 

63 

hi 

59 

5H 

56 

54 

52 

50 

49 

0UUIM7 


41 9 iHi 
0 967 
II 9liH 
I) 9ii9 
II 970 
0 971 
0 971 
0 974 
0 975 
0 1176 
II 977 
0 97H 
0 OHO 
0 981 
0 963 
0 965 
0 987 
09<KI 
0 995 
l-OOO 


OIMHL'5 

21 


20 

19 

IH 

17 

IK 

15 

11 

13 

12 

II 

10 

000909 

8 

7 


II iiiHir* 
43 
41 
40 


34 

32 

31 

29 

27 

25 

23 

22 

20 

16 

16 

14 

13 
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Gxamplo :~-Ai the tpmpcraturo 65” F„ tho Bp gr. of a Rpecimen 
of diluted alcohol ia 0 6475, referrrd to water at 60” F as unity. 
As thiH Hob liotwi'cn 0 646 and 0940, the appropriate factor ia 
0 00036, and the correction in 5 x 0 00036 = 
0 0016. Hence tho flp. gr. of tho sarnplo 
at the Btandard temperature, 60” F, is 
0*9475 f 0 0018=^0*9403 
Had the temperaturo of observation been 
55” F. instead of 65” F , the product 
00018 would havo biHm subtracted, and 
tho Bp. gr at 60” would then have been 
0 0475 — 0 0018 =-0 9457 
It may bo pointed out that when' tho 
greatest accuracy is rt^quiml thi' temperature 
of tho Hpirit must bo very candiilly adjusted 
in taking tho specific gravity For ordinary 
purposes it Butfices if the sp gr. is correct 
to one unit in tho fourth pluc'e of (le(‘imai.s, 
which eorresponds with about 0 1 per cent, 
of proof spirit. To obtain a n'sult (‘orrect 
to one unit in tho fifth plac'c of clecimalH it 
is necessary to adjust the Wniperaturo to 
0 01” C. or 0*02” F. , and in general for 
fairly accurate work the temperature of 
tho alcohol should bo correctly adjusted 
to within 0*1'" F. This is requisite for a 
result accurate within five units in the fifth 
decimal place of the six'cific gravity, corres 

r«l. JJ.>^UKIIIIILKR if . . p • 

roKMori'VKKoxcTKH. pouding With almut 0 05 Jier cent of proof 

with Rroiiiia-in thermo, spirit %,% medium and lower stnmgths. 

iHfter md mpiivil ilde. , , . , , 

tube. When special accuracy is required, the 

desired temperature should be obtained by 
means of a thermostat, and tho form of pyknometcr employed 
should be one in which the level of tho liquid is adjusted to 
a mark on tho neck, not the form with perforated stopper. 
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Kptyiflp h‘r- 
Kroxily coiitn^ 
in air iit (if pniuf 
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7 31 

H 2H 
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2 14 
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0 04 
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8 -87 

0 <84 
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12.1 

841 

.148 

211 0 94922 

.190 

248 

.10 

0 9,1977 

, 080 

.182 

007 741 

403 

0.1.1 

:ii 

823 

.124 

212 

0 04.S!H> 6.17 

214 

0 93800 

22 

00.1 

3.17 ' 

038 

709 .170 

021 

002 

.i;i 

002 

180 

0 IMNOO 

.12.1 180 

0 9.182.1 

401 

.14 

.1.14 

Oil 

079 

.137 0 9.1980 

020 

2.17 

.1.1 

102 

0 'KIOI'J 

494 

140 790 

42.1 

0.11 

liO 

0 949K0 

0.10 

300 

0 939.12 691 

221 

0 9284.1 

,17 

80.1 

404 

114 

7.10 3IK) 

010 

0.14 

IIN 

020 

273 

0 93919 

.1.10 186 

0 92808 

422 

.19 

431 

079 

720 

3.1.1 0 92979 

.197 

208 

40 

238 

0 9.1882 

.118 

148 770 

38.1 

0 91992 

41 

042 

082 

314 

0 92940 .1.18 

170 

774 

42 

0 93842 

478 

107 

729 .144 

0 919.12 

.164 

43 

039 

271 

0 02807 

616 128 

733 

333 

44 

431 

062 

08.1 

301 0 91910 

613 

108 


* 'riiB deiiAily valura given in thw table an' iiuinenrally tlio aamo aa apociflo 
gravitiea at the various temiHiratures in terms of water at 4'' os unity. 



VII 


AljOOllOLOlilETRT 


m 


L)l SSIT\ (IN' fIRAMS HFK i ( ) »F MIXTt'ltKH OF >TItVI AKOliOU t\li 
WATfSH -* ffJMf 


iVr < I'lit 

Itlftlliol 

Itv 

ui iifhr. 

Id 

l.T 

1Viii|M>rdtiirti 

JO' 2.1 .Id 

31 

40' 

• 1:1 

0 d:<2i>ii 

0 

0 »2472 

0 920K.1 

d OlOOJ 

0-0IJ91 

0 OONMl 

-II) 

017 

lilO 

J.17 

0 91808 

47J 

009 

DIM) 

47 

0 O JKOIl 

4J0 

041 

lilO 

J.ld 

0 9081.1 

4.34 

Ih 

.-i(i:i 

.Ml 

0 9182.3 

IJ9 

1128 

liJl 

207 

li) 

37ft 

0 ftlftft.1 

I 1 O 4 

208 

d 9d80.1 

.ft)!! 

0 81)979 

.‘id 

0 ftJii:.' 

0 ft 1771) 

d 91*184 

0 'N198.1 

0 ‘Ml 180 

II 001 118 

0 807.10 

.~)i 

oftidi.t 

•1.1 1 

Hid 

700 

.311 

0 S‘)940 

519 

TiJ 

7-.I 

3.13 

0 000.11) 

IN 

IJ.l 

710 

288 

.'ill 

.‘lOJ 

lid 

71 1 

307 

0 S')80l) 

470 

0.10 

Til 

J7H 

0 ftdSft.'i 

IN.I 

070 

0117 

218 

0 88823 

.*i“i 

d>M 

D.'ift 

2.18 

0 808.10 

137 

dill 

189 

.III 

0 <M)N3I 

1.13 

031 

1)21 

200 

0 SM7K4 

3.10 

.'•7 

lid? 

.‘07 

0 SftSIKi 

lOJ 

0 8807.1 

.1.12 

122 

M 

riHi 

II H<lftSO 

.171 

lliJ 

711 

319 

0 H788S 

:iu 

1 . 1 I 

712 

311 

0 88031 

.IIJ 

•I8l 

0.13 

lid 

d h«*L»7 


113 

dOO 

J7N 

0 878.ll 

117 

III 

lifts 

.'03 

0 hsHSj 

Hill 

044 

1)1.1 

181) 

iij 

4 I 1 H 

OIL* 

0.10 

J33 

0 S7809 

379 

0 8001.3 

ii:i 

L»:i7 

0 SHN30 

417 

0 87998 

.174 

112 

705 

Ii4 

llOi! 

.107 

IH’I 

7Ui 

.337 

0 80911.1 

400 

ii'i 

d HS77I 

.11.1 

0 H7048 

.1J7 

lOd 

Illi7 

227 

fill 

‘ill 

no 

711 

JOl 

0 Si'iSO 1 

129 

0 SlOSf 

117 

:idH 

II S7H01 

477 

014 

iijl 

190 

717 

liH 

1)74 

liliO 

J41 

0 MiHI7 

387 

1) 8.19 K) 

.107 

lid 

0 NTKtII 

l.’f 

IHII 

179 

118 

711) 

200 

70 

lidj 

n7 

0 Kii7i)li 

!I0 

0 810 )8 

171) 

021 

7J 

3111 

0 NliOlft 

.127 

118) 

liliT 

228 

0 81783 

7^1 

1J7 

710 

287 

0 8 iHlO 

420 

0 81080 

.110 

7*1 

0 HIIHHK 

170 

017 

01 H 

184 

71.1 

297 

71 

li4K 

JJft 

0 MlHIHi 

370 

0 81011 

iiOO 

01.1 

m 

40H 

0 .H.IOSH 

.101 

1.31 

OOK 

2.17 

0 83800 

7li 

IliH 

747 

•IJJ 

OS 1801 

111 

on 

501 

77 

0 M.1'L>7 

.10.1 

070 

047 

Jll 

0 8 1708 

31!) 

7H 

(iH,l 

2l)J 

0 84831 

10.1 

1) 8300 1 

12.3 

071 

7d 

14-J 

01 S 

.100 

I.IH 

7J0 

277 

0 H2H27 

HO 

107 

0 K477J 

344 

0 8.3011 

173 

029 

578 

HI 

0 H4ft.5d 

.li.l 

IHIO 

001 

2J4 

0 82780 

.329 

ml> 

70J 

277 

0 83848 

415 

0 8J074 

5.31) 

079 
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Kor rxaniiiiin^' vcrv (iiliitr alrnlml Miliitioiis in Ihr tropii'^, thi* 
tdllouiii^ hibir of 1li<> " driisitx " lU ,‘{2.1 (' ( iHl .1 F) o| miIii- 
lioiiM ('ontniiiiii^ (I to I 0 piT (nil of alcohol h\ Mci^ht, nia,\ be 
hiNiid useful It is due to \ F .loscpli and \\ \ Itac ' 
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There arc thicc inctlmd.s in gciicnd use tor c.\]in‘sHiii^ tiic {icr- 
icntagc ot alioliol in a liipiid (I) iNWiitagc of alcohol b\ wci^lit, 
(' 2 ) percentage of alcohol by \oliiine. and ( 3 ) |M‘icentiip' ol piottf 
/tfunl by volume The tn>t metlioil is the In'st for scieiitilie [iiir]ioM's, 
and III general for niLseclhiiUMiis anaUtical \\ork, where often alcohol 
is oiilv one of seieral ingriHlients of a mixture the eonqiositioii of 
which IS mpiiivd Jlut the struiid method is by far the most 
convenient wlieii aleuholie iM'vernges or spirituous medieines are 
concerned, and both in this country and on the ('oiitment, when 
“ percentiigu of alcohol " is statinl in eouncH’tion with wiiira, spiiits, 
etc , jH*rccntugc bif tvlume is generally uiidcratiKid, unless the 
eontrar) is stalcHl or obviously implied To obtain percentage by 

* J. Sve Chem Iiul , 19U. 33, 091. 
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i( i'l ntrrsyiAi\ (d taki* flu* K|MH.'ili( uriivi(\ of |lir* lu|iiiil 
rxaiiiin(Ml, or to flu* lu|iiiil out iiiul uhrn olifiiiiUMl, flic 

|H'ir(‘tita(;i‘ liy ina\ In* inihlnuliiif; uiilrss i.irrfiillx 

Tor r\»iiii|)](‘ two s|M>( iiiii'iH ol uiiir min (ontnin Hinoiiiit*« 

(»f .ilroliol )H‘i litre, Iiut (‘xpretscd as |nti eiit.i^i' l)\ ivtiffht tlir 
<|iifiiitili(‘s in.n Ik' a|)|)U‘ri«il)l\ dilTcieiif one Imm tin* otliei. Iieriiiise 
line uiiK* iim\ lie siieeteiieil anil tlie olliei not The sweetenei] 
Mine lieiiij: lieaxier than the otliei eontaiiis a smjiller jierei'iitai.'i 
of aleolio] hif nrnjhl, tliou|jh a litn* of eaeli eontains the same amount 
lte\(‘ia^es and s|iiritiions niHlieines In'Iii^ almost in\ariah|\ 
iisi'il measmed eom|i.iied. and refeind to in teiiiis of then \oliimes 
and lieinu of Mideix dilTeitnt ilimsities a tiiier idea of then lelatixe 
alioliola* (ontents is mxen li\ e\|)iessin^ the lattiT as |ienenta^re 
li\ Miliime lather tliaii li,\ Mei^lit 

Koi lommeiiial and liseal |aii|His(>> m this niiintiv hoMexei, 

pioot spirit ' Is tile mill of xolunie toi aleohol Thai iJiis is mi 
is, fioin some points of xieu a pit\ The use ol the term, and of 
il** adjiniets "oxei |)!oof ' and ' under proof,' is ((.iifiisiiijL' and 
4 ‘umh('rsome lliil it has iNeii so loni; in eni|)lo\menl, and is so 
mueh inteiMoxeii Mith tiade pnutiees, that a i han^re to the Himplei 
method ol expressing aholiolie stieiiutli h\ means of iihohol per* 
(eiitaffe Mould umlouhtedl\ uuisi* seiuais in< onxeineiiee It must 
■ (aH‘fuli\ lioiiK* III mind hoMever. that iillhout'h jirool spirit " 
tiiiiiinolo^x Is (iimheisome. then* is no hiss of sdeiitilie pieeision 
III adoptiim a dilulisl aleohol as unit, instead ol ahsohite ahohol, 
so lon^r as the unit is ppi|H‘il\ delined t)n the lontrarx, there is 
moie aeeiirai x lieiaiise tin* diluted alcohol ean In> deliiieil h,\ means 
of its s|M‘(ili 4 ' paxitv to aiiv de^jns* ot preeisioii reipiireil, uinist 
the exact speeifie L'raxit} of ahsolute al(<»liol is a mattiT of some 
douht 111 this eonneetion it is of interi'si to ipioti* from a n*poit 
made in IK,').') hx a ('oinniittee of the lto>al Soiietx, mIio had heeii 
asked hy the Tn'usury to adxiHi* them on tlie aiihjeet of apint 
xaluation for liseal ])ur|K)ses 

"With refcard to the siihstame .ilioliol, u|Nin uhieh tin exei.se 
dut\ 1.S to be levied, llii'n* ap|x*arH to he 510 reason, eitlier philo- 
sophieal or ])iaetieal, mIiv it .should In* eon-sidert'd as ahsolute 
dehnitf* niixtim* of aleohol and xi-ater is as invariable in its value 
as absolute olcsihol ean Ih* It is also invariable in its natun*, and 
ean be more readily and Mith espial aeriiraey identified Y>y that 
only quality or eondition to uhieh reeuiirae ean In* had ui practice, 
namely, specific ijravity A diluted alcohol is, therefon*, that which 
IS n'eonimended bx us as the mily excisable Hiibstaiiee " 

The legal defimtiun of *' [iruof apirit ' is given a little later on. 
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Hydrometry. -V'arinuH rough-ancl-roady inethwlM for trying 
tlip Htrongth of ‘‘ ntae ” wen* priU'tiKed in i)ygone tiinrH The 
|»ropi*rty of inliaininaliility wuh early marie iiw* of for thin piir|)ose 
A piece of cloth wan moiHtened with the apirit, and a lightcHl ta])er 
Applied; if the doth ignited the apint uak rir/ua vitae rertijimla, 
or Hlroiig Hpiril Another M waa made* by pouring oil into tho 
apirit ; if the latter i^ere. atrong it forincd a layer on the aiirface 
of the oil ; if weak, It reated heiienth the oil Basil Valentine, in 
the fifU'enth oentiiry, judged the strength of atjm vitae by igniting 
a certain volume of it . if the w'hrdi* burned away, it uaa pure 
apirit ; if more than half InirniHl off. the apiiit w'aa atnmg , if h'sa 
than half, it was w(‘ak. The well-known giinpowdei “proof 
ti'Ht W'lia applied by moialeiiing a little gunpowder with the spirit 
and applying a light, rapid eoinlmstion nn|iliefl “high proof" 
a|urit , failim* to burn, or burning only with diflicult,\, indicated 
weak or under proof spirit The formation of bubbles or “ bi*ndH " 
w'lien the apirit wu.h aliak<*n in a glass ve.sacl, and the l(‘ngllM)f time 
during whu*h the bubbles |K’raiated, gave to a piacliai'd obaer\er 
a rough idea of the stri'iigth of a spirit, and is a test sometimes used 
for tins purpose even at the pres(*nt time 

With the iiK'ii'iising importaiu*!* of spirit taxation, however, the 
need for inon* satisfactory methods of evaluation lw*i*am<‘ more 
and rnoii* apparent Towards the closi* of the M'vcnleeiith lenturv 
11 good deal of attention was given to the ipiestion of obtaining a 
form of “ areometer " or hydrometer suitable for testing spirit.s. 
as tim use of this instnimcnt ap|H*aml to promise a metiuid easy 
of application and iiccnrate in n*Hults Hidiert Ihivle. in Ins studies 
upon the propeities of lliiuls, np|N‘ars to have been the lirst to applv 
the prmeiph* of the livdrometer to the testing of distilled lupiois, 
and a description of his instrument (* Bovle's Hubble") u|)|M*Rrs 
ill the rhiltMniihirtii Tianmetwnjt of the Koval Society for 1075. 
IVpya, however, mentions having M*eii the iiislninient, "a glass 
biilible to try the sln*ngth (»f spirits with." some eight years <*nrlier. 

Hoyle's hydrometer, like all hydrometers, was an application of 
the famous principle of An'hiiiuHles - a laxly imnierBed in a liquid 
loses a ixirt of its weight eipial to tho weight of the displaced liquid. 
It was eoiiiixised of two glass bulbs siiTmounteil by a glass stoin ; 
the lower and smaller hnlh contained mercury, the larger contained 
water ; these liquids stTved os Imllast to maintain the instrument 
erect when in use Hlaceil in water, it sank only so far as to cover 
the bulbs, leaving the whole of the stem exposed. Placed in strong 
spirit, it sank till only the top of the stem was uncovered. Placed 
u) mixtim's of spirit and waU*r, it sank to iuteriuediate poMlions 
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(Icponcliniy; on the ])ro])ortioi)H of the Uo iiiftredientM Th(> larger 
the proprtioii of wpirit, the* droper the “ hiibhh* " wmk 
lAter, the stem of the areoinet<*r hoh roiighh gnuhmted h>- inninN 
of hiiiall bitd of glasH, of diffen‘nt eolnura. stiiek on the outaide ” 
{Phil. Trans y 1730), or it ivaa niarketl off into degn>eK by linea ; 
oIno forma of the inatniineiit were introdueed uttli an iittBehmeiit 
oi the baw* on whieh elilTerent weighta eould be* liung or Hen*Med. 
These weights gave the hydrometer a greater rangi* in use, since 
they allowed of the total mass of the instniinent being \nTied. One 
form of hydrometer- (larke's iiM*d in the ExcIm* about the yi‘ar 
1701. wa.s provided with h{X*eial “weather weights" for use when 
the weather was “hot," “ wurni," “cold," and so on, thus intro- 
(bieiiig a rough eorreelion for variations of s^arifu* gravity due to 
ehanges in i<*mi)erature This hydrometer, mon*ovcr. was made 
of copper, instead of glass, wockI, or i\or\ as in the earlier forms. 
There were thm* marks on the stem, one showing “ jinmf “ stieiigtli, 
the others one-tenth under jirimf and one-tenth over proof n*s]iei:- 
tixely (i e , 1(1 |H*r cent over or under pnwif) Clarki's metliuds, 
how'<*\er, exentually hecanu* verj* euinherHome with their unwieldy 
notation and their multiplieil,\ of weights to meet difT(*r(*nt reipiire- 
meiits and in 181(1- IS they wen* superseded by the Sikes’s systeni, 
which is still employed for tiscal piiqaiM's in the I'nited Kingdom, 
(hi account of the imiidrtnnce of Sikes's method of nssa,Mng spirits 
it must be <l(*scribed at a little length 

I'or some years prf*\ioiJsly then* had been dissatisfaction with 
the jinwesses in use for deierniining the amount of duty payable 
on spirit.**, and the (lovernment of the dax had applied to the Hoynl 
Society for assistance in the matter Tlie Secretary cif the Society , 
Dr (1ias Blagden, aRsiHt<*d in arranging exiN'riments for the elucida- 
tion of the (piestioii, and in I71M» ]ii\*HC*ntwl a first “ Report on the 
best method of pmportiomng the Kxeua* on Spirituous ]jr|uors 
It was reeogniswl that “ no method can be aceuratu except one 
based upon specific gravities," and the experiments conset|uently 
t(X»k the form of determining, as aeeiiratel} as pomible and at a 
numlier of different temperatures, the siiecifie gravities of a long 
series of mixtures containing known weights of “ alcohol " and 
xvater. Dr Dollfuss, a Swiss chemist then in liondon, began the 
experiments ; but he being called away, the work was entrusted 
to George Gilpin, the clerk to the Society, w'ho in 1794 presented 
the results in a set of “Tables for Reducing the Quantities by Weight, 
in any mixture of pure Spirit and Water, to those by Measure ; and 
for Determining the J’roporlion, by Measure, of each of the two 
» nu, Tnnt , 1790, 80, 321. 
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SiilistaiuTH III siirli Mixlim's"' Thow* talilfs (if (.'iliim's wcri' 
r(inMliii('fi‘(l witli ^n‘al can*, and iin‘ notable ait In'ing the firat 
aliohol talih'M of naisonalile acriiraev and (■oini)i'eh(Mi>4]\Tiie'<s. 
Tlio ‘‘ ali ohol ' taken aa haais had tli(‘a]M‘eilie Kravily at Wl ’ F /dO" F. 
of tIK'ioll, Aiiiieh would contain HK(I74 per ei'nt hv weight of 
ahsoliite alcohol 

(iil|Mn'H alcohol tahh's and Mla^rdcn a 
rcporta ujxm them had lua^i laihliahed Mime 
U'ars wlu'ii, in 1H(I2, inifirovtal hydromi'tciN 
and imdlioda of apint aNaayinf; were in(|iiir(‘d 
tor hy the Tmiaiiry, who nppoinl(‘d a wicn- 
tifie comiiiitt<‘<‘ to adjiidi(‘ate upon liie 
propoMida aiihinilti'd Tlu'y selectf'd I lie 
iiHtriiiiient and tahlca timdi'n'd h\ Ihiilliolo 
niew Sikes who i-s }iclie\(‘d to have heen 
at OIK* time a Secrctaii of l'Al■I^e It i'^ 
leasoiiahlc to e\|M*ct that in coiiatnii tiiijr Iiin 
tallies Sik(*H would avail liimsi>lf ot (iilpnis 
lesidta. though thi.s dia's not a])|N*ai to he 
known lor (‘(*rtain 

Sikes's liulnimcti'r eonsi'ita ot a nihh-rl 
brass hiilh, I .I iriclu's m diaiiK'tei to the 
hottom ol whuh la alHvisI a ahort, t.ipciin^r 
rod ending in a ]N>ar-shapcd coiiiiteipois(‘, 
whilst on the top is a thin .sti'in of rertaii- 

I giilar .section .‘I o inclicM long, marked oil into 
10 cipiidistant spa(s*.s or " degns's ' Kaeh 
4SA dcgicc IS Niih-divided into lifths The 
d(*giees me marked from 0 to |0. I.egmiiing 
at the top of the .stem, and are ol tirhitiari 
\alue that ik, they do not hy themM>l\es 
cxpivrts thealrciigth of the spirit or its ajx'cific 
gra\it\, but arc eorrclated with the tables 
snpiilied with the instrument The readings 
on the stem are enlli*d the “ Indk'ation," and 
corn's ponding with (‘ach jndu'ation-nnmbcr 
the tables show' tin* stnuigth of the spirit 
tested, in terms of “ prcxif," “iner pnaif, ’ or “under 
pniof " With its 10 divisioiia, each having o sub-divisions, the 
instrunieiit gives r»0 indiention-nunilH’rs, namel> 0. 0 2, 0 4, 0 6. 
and Ml on up to 10 0 At the temperature (Kl° F , thesi* indications 
correspund with strengths of spirit from 07 0 over proof down to 
> Phil Tiam , 1704, 84. lit 2. X.\. 
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TiH 2 n\rr proof For Io\m‘i htrciigtlis (him tlirsr tlu‘ iiihlninu'nt is 
too liphl It will nut Hiiik 111 tin* MoakiT, anil tliiTcton' Iu'iimit. 
alrohol To iim‘I‘ 1 this ihftii ulty. uiM^its an* (•iiiploM*il. winrh rrst 
on tin* counlrrpoiw* when in usi* anil an* Ihrn'fon* iinnirrsril in tin* 
liipinl trstril Nini* sinii woi^iils an* |)ro\ii]i‘i), nnnihrrril Iff. 20. 
.‘10. and so on, up to !N) 'Dii'ir \iiliinii*.s and niassi*K .nri* so n'lati'd 
to those of the indroineler th.il thev tiirnish a (‘ontinuoiis series 
of indieation luiinhers, ii^^re^ntiiif; .KNi for tlio uhole raiip*, and 
allonini' of the instniinent hwinf; used for tin detenninalion ot 
ideohohe slrent;ths ran^int; from 7<t o\er proof down to »il. 

In addilion to the nine ueitflds. a hnisn eap is sii]tpheii uhu'h 
tits on to the top of tin* stem ot the h\dromi‘ter The weight ol 
this cap Is e\actl\ one-tuelfth of that shown li\ tin* instrument and 
tin* weight No tiO taken touether If this lap is placed on the 
instrument, together with the weight 00 it will sink the Indioineter 
111 distilled water at ol ' F down to a leit.iin maik on the stem 
.it the diMsion (t H that is the ’ indii ation ' show n is liO H 'I'Iiih 
maik IS I'alled tin* ' prool inaik " If the cap is reino\etl, and the 
instillment with weiirld tiO jikned in ftumf spnij at .’Jl’ F, tin* 
mdieatioii will he ioiiinl .is hetoic \i/. , 00 .S, As the rtyuiu* \ohmie 
of liipiid is displaced in the two expeiiinents, hut. the weight 
siip|M)ited 111 the second case is onl) { •‘|ths of that in the first, it 
folliiws that the d(‘n.sit\ of the pioof spirit at .'il ' F is | 'jtlisof that 
of Writer at the sann* tempeiatiiie 

'I'he oidmaiN Sikes s h> drometer < aiiiiot he used with \erv strong 
s|Mi its c if those of strength iipwanls of 70 o |i ( 00 0.“) per i eiit 

of alcohol hy volume) It has therefoie hi*<*n sii))pleiiM‘nted h\ .i 
sinallei mstiiiineiit of similar de.sign known as the ‘ light hulio 
meter' .or the \ " iiistiumeiit This extends the raiigi* up to 
7.‘J.7 op at tJtP F. corresponding with OH !4 |K*r leiit of alcohol 
hy \oliiiiie. and uji to 74 0 o p at TJO F 
Proof spirit, 'rins la, legal!}, apiiit of the atrength flenoted 
as proof hy Sikes '.s h}drometer Another legal definition makes 
jiroof spint ■ that- which ut the t(*iiitK*ratiin* of .'ll® F weighs 
exactly j '■■th parts of an wpial lueaKun'of water " This matter is 
dealt w'ltfi more fully a little further on Meanwhile, it in convenient 
to state here what has been found to be the exact (*omp()Hition of 
prmif spirit, with a few brief histoncal notes. 

In the year 1H47, Drinkwater, who woa then ii student at Tiii- 
versity College, Loiiflon, and siibHei^uently beeaiin* a C>ollector of 
Kxciho, published the reaiilts of a very careful investigation whicii 
ho had maiic upon the romiKisition of jiniof apint.^ He prepuml 
1 r/id Mtiq., 18fH, 22, 123. 
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alcohol (iH nearly frro from water aa ho could it, and concluded 
that '' the numl)er 0 7n3Hl expreaHCH the aiMM-ific fi^ravity of absolute 
alcohol at AO*' F aithiii a very close dej^ei* of appntxiination.” He 
then |)n‘panMl proof spirit ai'cordiiig to the above definition, using 
this alwolute alcohol, and concludtHl fn>in his ex|XTiments that the 
pro(»f spirit consisted of 49 24 per cent by weight of alwoliite alcohol 
and 50 7H |>cr cent of water, that ita siicciAe gravity at 60** F. was 
0 01984, and that the strength of the absolute alcohol was 
75 25 degre(‘s over proof 

8ubse({uent work has only iiiodUied Drinkwater's figures very 
slightly Acconling to a careful n'vision of data based the 
most trustworthy published results of several investigators, the 
specific gravity of pn>of spirit at tiff'* F. in air, is t) 91970, water 
at the same tcfn|H'ratiire being tuiom as the unit of nderence Proof 
spirit contains 49 28 imt cent i»f alcohol by weight, or 57 Iff ]mt 
cent liy volume at 00° F. 

The table on p, 207 shows the ]iereenlage of ])roof spirit eorre- 
spoTiding with each inti'grnl indieation-di^gn'i* of Sikes's h\(lmmeter 
at 00 ' F The complete tables, which are published in book torm, 
are arrang(){l for eaeli degns* of tem}NTaliiie from 90' F to IfM)' F , 
and for each fifth of an mtegial degree ol indieiitioii 

A 8[HH'imen of llie tables for three different lemperatun‘s is here 
adduced 

Sl'KClMKN UF HlKfcS's TMII.KH SiMHITS \T lOrFKIlhSr TI.MI'I.H II Cl(b'». 



.'iir K 

Ti’iiipi’i fit iin' 

liO K. 

70 V\ 


Pit mil 

IVr H’lil 

I’lM ff'lll. 

IIKtlClOlllll 

OUT proof 

OUT imiof. 

iiMiliT pniof. 

I'iH (1 

to 

!} 

1 0 

2 

t:i 

M 

2 2 

•4 

4 0 

OH 

2.’i 

IS 

.16 

04 

2!) 

H 

:t.i 

0 1 

:fj 

.V.I U 

;io 

f 'mirr ftnuij, 
0 2 

w-a 

2 

2 7 

0 5 

3-H 

•4 

24 

OH 

41 

•« 

21 

M 

4G 

•8 

l-H 

14 

4-lt 

600 

1.7 

1 7 

51 


All the strengths shown at the first tcnijierature (50" F) are 
“ over proof " (op); those at the second (6lP F ) arc iiartly 
over and partly under proof ; and those at the third are all “ under 
proof " (ii p.) 

If ‘an over proof strength is added to i(K), the sum ropri'sents the 
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HMmOMHTKR. 

Tciii|> lUl' F. 



Slmit'tli 

' 

Mn'it^ili. 

litilicaliiin. 

OviM 

liitliml Ktii 

( h IT 


pMof 


jiriiof. 

Lifilil 


(IllllllKI} 




lixfliiiiiiHoi 


AO 

71 .-1 

43 

10 7 

1 

72 n 

10 

IHIl 

'2 

72 2 

47 

1711 


71 ii 

4H 

13 0 

4 

71 0 

10 

11 3 

."l 

70 :i 

30 

12 0 

0 

00 0 

31 

II .) 

7 

OH (1 

02 

Ill 1 

H 

OH 2 

33 

h7 

<1 

1*7 5 

31 

7.1 

UiiliiiHiy 


33 

3 H 



30 

1 1 

0 

, lili 7 

37 

2 0 

1 

iiliO 

3S 

1 1 

1 

IM 2 


1 in/ir iniHtf, 

ii 

01 1 

311 

(12 

1 

03(1 

1*0 

1 7 

.■» 

02 H 

111 

3 3 

It 

1)1 0 

02 

1 K 

7 

(tl 1 

03 

1)4 

H 

00 2 

01 

H 1 

'.I 

■tO 3 

03 

0 7 

1(1 

r»H 1 

00 

11 4 

11 

r*7 It 

07 

13 1 

IJ 

TiO 7 

OH 

14 0 

i;{ 

r>.‘i 7 

0‘l 

10 7 

u 

.'•t H 

70 

ISO 

i.'i 

rr» H 

71 

JII 3 

lit 

32 0 

72 

22 1 

17 

31 0 

7.1 

21 4 

IS 

.'lO 0 

71 

20 1 

III 

10 !» 

7.3 

2S 3 

jii 

ISO 

70 

3117 

III 

17 0 

77 

3J '1 

•1 • 

lOH 

7h 

37 3 

j3 

III K 

70 

37 7 

ji 

11 7 

HI 

III 3 

•j.'i 

no 

HI 

42 '1 

JO 

12 3 

62 

43 7 

JT 

41 1 

ft:i 

4H0 

2H 

40 3 

HI 

31 7 

i9 

301 

83 

31 H 

30 

3H 0 

NO 

.'«H2 

31 

30 0 

1 

01 3 

32 

33 7 

' 88 

0.5 0 

33 

34 0 

1 HO 

084 

34 

33 4 

• no 

71 0 

33 

32-2 

! 01 

73 2 

30 

31 0 

' 02 

78 4 

37 

20 H 

03 

HI -4 

3H 

2K3 

04 

84 4 

30 

27 3 

03 

H7-3 

10 

20 0 

00 

on-ii 

41 

2IH 

07 

02 0 

42 

23 0 

OH 

05-1 

43 

22-3 

00 

07 6 

44 

%1U 

100 

100-0 
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voliiini* of Hjiirit at pnaif Htn^iigth Mhich ItH) \o1ijiiu‘n of spirit at 
that particular over-proof Htri'iiglh would make 
If an HHflrr proof HtHTigth i« Auittruftfd from H)0. the n'liiciiiider 
nIiouh the volume of pniof apint which ih contained in KM) \oluineK 
at that particular underproof Htnmgth 
The Mum and llie nuiiainder ahow', in fact, the pen enlajjc.s of 
alcohol, calculated n.s proof npirit, in the Htron/;cr and the weaker 
.spiritH, re.s|M*ctively Krom thn it im eaKV to lind the c(pji\aleiit 
proof quantity iif any |{i\eii volume of over-proof or under-jiroof 
spirit 

SiippoMi*. for inatance, that we have 12l) ^riillnn.s of .spirit .stieni:lh 
li >1 o p Then the equivalent proof gallonn are lOli .‘i jicr c(‘nt of 
120 JlHio • 120 - 127 K pnaif j^alloiiH 
If the stren{{th hud la^fm 0 o luitirr priMif, th(‘ ei[ui\alcnt pioof 
•{fillniis would hau* heeu . 03 ri per cent of 120 0!).V> 120 - 

112 2 

Sikes H tallies are so constructefl iih to show foi a iri\cn spirit, 
the same streueth at whatever teni|M‘ralure (within the limits of 
the tallies) the atnui^th is taken A spirit, for instaiu’e, w'hieh 
shows 02 0 over pmof at 00“ F will .show tin* same sln’ii^th at. 
0.V’ F, thmigh its nidtmtiou will Im* ditTcnuit This, no doubt, 
was often a convenience to rev'eniie olfieers in id(‘ntd\ini' spirit in 
transit with the particulars furnished on its permit ' 

Thcie is. however, one defeit of the svstem It fails to take 
aceoiint <if the change in volume due to alterations of tenqicratuie 
For evaiiiple, KM) ^allonM of pniof spirit at 00' F would become 
KM) o gallons at 70'’ F , but as its «trcwjth is still .shown us ‘ ]aoof." 
the ((uaiitity of spirit on which duty iiiav la^ levtisi is greater tban 
lieforc, (Ikui^Ii the actual quantity of alcohol is the .same ('oii- 
versely. at a lower temperatun* the quantity chargeable will be 
lc.ss Thi.s error in the evaluation of spirit, has never brim pn>vided 
against in this country, though proposals have been iiiade to that 
end The difTenMices which mu} arise from this defect, and which 
will be sometimes in one dmrtion and honietinieR in the othei, are 
not considered to lie so great as to make the question one of much 
priietieal ini|M)rtance 

Siki'HH table, it will lie seen, expressi's the iiidieatioiis of the 
hvflmiueter in terms of aleoholie strength, not of spi^eilii' gravity. 
The '■ iiidicntioiiH " themselves, as already noted, an* eonstrueted 
upon an arbitrary scale In the yi*ar 1833, however, a (*oinmittee 
ot the Koyal Society, which had bet'ii appointed to inquin* into the 
question of spirit valuation, reiKirted in favour of a hydiometer 
with a stem gradiiati'd in teriiib of HixH.’itie gravity iil a given teiniiera- 
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ture- -()2 F iK-iiig rn'ornineiKlrd Tlic huggcHtinii m us ni)t U(l(i|ittM] , 
but, iiiHloiid, A niiinber of (‘XiHTiinents u«‘n‘ iumio to ill'ti'riiiiiic tlu* 
apefilic gruvitii*a \\hi(‘li com-HiiondiHl with tin* jiuluatioii-iiiiinlirrs 
of Sikos's huiminctor, and tiu* n'HuIts nidiodifd in ii I'lilili* 
for dotmniniiig the Weight )H‘r gallon of .Spirits hy Sikes's H,\dro- 
inet<T " This talile was shortly afterw'iirds einl)odi(‘<l in legihlution 
authorising its use in evaluating spirits, and will he found as a 
aehediile to the Spirits Aet, 1880 It was einplo\ed h\ ie\emie 
oflicers in aseiTtaining the quantit\ of spirits in eask hy the nu‘thod 
of weighing A revision of this oiiginal table was published in 
lOK). and its use is legulis(‘d h\ .See 111 (3) of the Act & 0 (Jeo \ , 
cap SO 'Phe revised table is reprodiieed hen* for each integral 
indieatioii-miinber the eoniplete table inehnles also the vahii‘S 
for eai h fifth 


\\ I Kiln (IF sI'ikjts I'i a iiviios in Sikis’s iivi)i((>Mrii-.K 


\Vi jti'i 

hid uidliiii. 

liid 

\V( pci 

Kdiidii, 

hid 

Wl pci 
uulliai. 

hid 

\\ 1 JHT 

pulldii, 

imi. 

\\( pci 

111 


ih 


Ill 


11) 


III 

\ 

(IldlliHI V 

OidiiiHiV 

Oniiiiarv' 

Ordiiiiiry 

li\dliiiiM‘ti 1 

IimIi 

diiK Icr 

Indniiiicli'r 

livdr(iin<‘t4T 

liydnaiichT 

(1 7 ieii 

10 

s :ij(i 

:i.t 

H 7Jd 

.7(1 

0 14.7 

70 

0 .7H1 

1 H 0(17 

II 

.UJ 

:t4 

741 

.77 

104 

HO 

004 

•J 01!4 

IJ 

:rio 

.‘l.'i 

7«J 

.7h 

ih:i 

Ml 

0J4 

a 010 

I.l 

:»7(» 

lid 

7M0 

.70 

20J 

HJ 

013 

1 o:.7 

11 

101 

■17 

71)K 

(lO 

2J0 

H3 

•002 

.‘i 07 \ 

1 *1 

411 

•IS 

Hid 

di 

230 

HI 

OHJ 

Ii o;io 

111 

4JK 

:i!i 

k:{4 

flj 

2.77 

H.7 

70J 

7 107 

17 

14(1 

40 

H,iJ 

u» 

J7d 

MO 

7-M 

H ij;i 

IS 

4(»;i 

41 

HdU 

04 

20.7 

S7 

711 

«l 1 10 

111 

4SI 

4J 

HH7 

0,7 

314 

HH 

•7(1 1 

10 I.-.7 

JO 

4<m 

4'i 

00.1 

d(i 

333 

HU 

•7HI 

()l•lllmn 

'Jl 

.'ll 4 

41 

1124 

(i7 

3,7J 

00 

HUI 

li;i diiiiiii (i 1 

It 

.'lilJ 

4.'. 

1142 

OH 

371 

01 

.S2i 

'll M -.7 

1!J 

:i4'i 

4(1 

•iibO 

00 

3!N) 

02 

HIO 

1 174 

J4 

.■|«7 

47 


70 

110 

03 

HOO 

J I'lO 

’J."i 

.jH.i 

4H 

»»7 

71 

4.30 

04 

HKU 

:» ;»o7 

LM) 

(i02 

40 

»0IH 

72 

440 

0.7 

•U(NI 

4 'J'Jf 

J7 

(120 

.'SI 

0.1.> 

7:i 

4(iM 

00 

OJO 

.1 jil 

h 

(iilK 

.71 

0.'ij 

74 

107 

07 

■040 

(i L'.'iH 

I'll 

arid 

■iJ 

071 

7.7 

.700 

OH 

•001 

7 J7.7 

;io 

(174 

.>J 

OHO 

70 

.720 

00 

OHl 

H j!i:i 

:ti 

(1110 

■'i4 

lOH 

77 

.740 

100 

10 001 

0 .‘ilO 

:ij 

7UH 


120 

70 

005 




If the dis-iinal point be moved one place to the left, the numbers 
allowing weights per gallon will represent specific gravities. 

The method of using this table is bh follows iSupfKMC tiiat a 
cask has been weighed first empty and then when filled with spirit, 
and the weight of tlie latter thus found to be 6(K) lb its indica- 
tion is, aay, 7 0. Then from the table, the weight of the spirit 
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per gallon is 8 27.'i lb. The volume of the spirit is therefor© ■ 
(KM) - 8 27fi - 72 r) gallons These bulk gallons, of which the 
stnmgth is known from the indication and the U-iniierature, are 
then converLsl into the eipiivalent gallons in the manner v 
nln*ady shown Thus if the teinpi*ratiire is fiO" F. the indication 
bi'ing 7’0, the strength is fiiund from the tabli* («w/c) to be (il I over 
proof llie e({ui valent niimlH*r of prisif gallons is theiefon' 1(11 1 ))cr 
cent of 72 5, - IMI 8 

In practice, the actual division (weight of spirit in lb - weight 
per gallon) is obviated by the use of tables (Ijofliis's tables) which 
have been w'orkiHl out for the purjHisc 

'I’hc legal authority for the use of Sikes's hydrometer for fiseal 
]airposes in the Ihiited Kingdom is contained in See |:4 of tlio 
Spirits Al t, l8K(t ** All spirits shall he dmiusl to he of the 
striMigth denoted by S>kes's hydrometer in lus-ordaiiee with 
till' tuhle lodg(‘d with the ('oniniis.sioni‘i's " |ot Inland Iteveiiiie]. 
Ai'eording to Sir N llighinon',' the use of Sikes’s hydrometer 
“ was eslahlislied hy un Aet of Farliunient, .IS fleo ,’l e 2S," passed 
on 2:ir<l May, 1818 (and knimii as The Hydrometer Aid) Jt 
appears, however, that pri'vioiisly to this, in IHlfk an Ait had 
been passed sanctioning tlie use of this hydrometer and tables, 
and nltliougli il was n'penled by the Act of I8IH, i1 was neyertheless 
iin|)ortnnt as eontaining a legal definition of piDof spirit 'I'be Act 
III iiiiestion (oft (ten 111, e 11(1) nsstes that '"an hydrometer hath 
with great eare heeii eompleled. and hath, hy pi open expeninenfs 
iiiaile for the purpose, iNi'ii aseertaiiieil (o denote as proof .spirit 
that whii'h at the temiK*nitiin* of Fahn'iiheit weighs exactly 
1 5th tNirts of an equal measiin' of dustilled w,iter and it la 
expedient to estahlish the hame m lien of Cl.irke's hydrometer " 

Tins (leliintioii of proof spirit is not in so nmny wonis re onuoted 
ill the Aet of 181, S, hut this Aet di'cn'cs that ‘all spirits shall be 
deemed and taken to be of the degris* of stn'iigth at which tho 
said hydroinetcr, callisl Sikes's hydrometer shall dciinto 
such spirits to be " (Sw 2). Pnad spirit is thcrefon* what 
IS shown us sucli by the "said hidrometer." and the wowl 
"said" refers to the instniment descnheil in the 18 HI Act. 
There* is |ierhAi)s n-Kim for aigiiment as to the validity of a 
defiiiitioii in a statute W'hieh has Inhmi reprahsi, so long as the 
dellnitiun has not been expressly re-enacted But there is no 
room for doubt that proof sjnrit (in this country) is what is known 
OH such hy iSikes's hydrometiT ; and so long as this instrument ia 
const nicteil to " denote os proof spirit that which at the tem|ieratuf© 

* "TliO Kxoue Lavs'* Vnl, I, p, 31 1\ 



. ALCOHOLO&IETRT 


271 


of 51** Fahr weighfi exactly iitli parts of nn tHpiul meaKiirc of 
distilled woter," then* w no ainhigiiity about the siwKilic (iraMty of 
pni«)f spirit Or rather, then* is only one nmhiguity The tem|M‘rn- 
tiire of the water is not state<l in the definition It was, h<iwever, 
stated in the tables published for use with the instniiiient as being 
oT F., and this rcMnoves the ambiguitx 

As regards the table mentioned in Sir I. ‘14 of the S|)iritH Act. 
1880, the statiMiient in the Aet (»f 1818 ih as f(»llow!» (See .1) 

“ And when^HS the strengths of spirits denotnl by the said hydro- 
meter, ealbnl Sikes's liydnimeter, according to tlie tc'in^iernture 
thereof, have bciii set down in a (able intituled ‘ A Table 
of the Stnmglhs of Spirits, ilenoled b\ Sikes's Hydrometer,' and 
wliieii said table has biK'ii and is siibs(Tibed by the hand of the 
Right Honourable Nicholas Vansittart, Chimeelhir of the KxelieipiiT, 
and lodged with the ('ommihsioners of Kxeise tor Kiiglaiid . lie 
it tln-refore <‘naete(l, (hat the strirngths of spirits so set down in the 
said labl<‘, shall be dmiUHl and taken to lie true and just " 

It may be iioUmI that the h|R*lling “Sikes" umhI in the earlier 
statutes has somehow got ehanginl (o “ Sykes " in (he Aet of IHHt) 

It may also he noted that, iiniler the pnivisions of Section 4 of 
th<‘ Finance Aet, 111(17, th(‘ ('•omniissionerH of Customs and Kxcise 
may lUithorHe hy regulations the use of rin// means approved by 
them for aseertamiiig the strength or weight of spirit The legalisa- 
tion o| the revis'd tables now in iim* is eontaiiied in See 111 of the 
Kmaiiee (No 2) Aet, IKlo, and is as follows 

“ (1). The revisi'd and extendiNl table, an original <’op\ of which, 
marked Table 1 (Spirits) has iMim signed by the Chairman of thi‘ 
CominisMoriers of Customs and Kxiise, and df'jsjsiteil in the utliix' 
of the King's Riutieiubraiieer at the Ro\ul Courts of flustiee. shall 
be substituted, us the table to Im* useil li\ Ollieers of Customs and 
KxeiH<‘ for the jiurjiose of asn'rtainiiig the strength of spirits by 
means of Sikes's hydrometer, for the table of the Strengths of 
Spirits denoted by the said h>dn>meter wliieli la r(X{uired to be used 
for the purpose by the Spinto (Stnmgth Asi-ertaiiiment) Act, 1818. 

“ (2) Where by reason of the high tiMiijM'iatiiie or stnmgtli of 
spirits the strength of the spirits cannot bi* ascertained by means of 
Sikes's hydrometer, the strength may be ascertained by means of 
a supplemental hydrometer (to be called Sikes's A Hydrometer), 
a siieeiincn of which, marked by the Chairman of the Commissioners 
of Customs and Rxeise, has been depewited in the ofliec of the King’s 
Remembrancer at the Royal Courts of Justice, and by means of 
the use of the supplemental table applicable to that hydrometer, 
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>in orifriniil ropy of wliirh, iimikrd TaliU* If (SpiritH), has bmi 
Hif^nnl l)y t)i(‘ diairiiian of the foriuriiMHioiKTH utifl (h'jxwitrd in the 
same oilic v 

" (D) iSirlion one hiiiKlntl and foiirlmi of the Spirits Act, lASd 
(vv'liieh relates to the asiertaiiiiiieiit hy wei^liin^ of the (piantit} of 
spirits), shall he eoristniod as it fora Mereiiei- to the Table therein 
iiieiitiomsi there \MTf‘ substituted a refereiwe to the revised Tallies, 
unoriginal copy of whieh niarkei. Tables fll and IV, has been 
signed b\ th(‘ Chairman of the (*o)iimisMoneis of Customs and 
Kxeise and depositi'd in the Otliee ot the Kiiijr's ilemeiiibruneer at 
the Koval Courts of iliistiee, and as if aiiv referenee to easLs mehiiied 
a reference to other nsi'ptneh's 

Alcoholometry in foreign countries, in I'ranee 

tli<‘ assessment of spirit duties is made with the (Hilesmial ahohi»lo- 
met(T and tables ot (ia;i Liissae, uliiih date from the vear IK2I 
The raiifre of the ahsiholoiiieler (areometer, h^droiiu'ter) extends 
from " water " to absolute aleohol, and is divided into ItMt decrees, 
each device i(‘p[es(‘ntmM 1 |N>t eeiit of iibsohite nleoh(»l bv volume 
at the temperature In Thiee seiiarate instriimints aie used to 
cover this ran^e Om* extends fiom tt to .‘to , tin* next tiom .‘to 
t'l 70’, and the third from 7tt to 100 If the spirit testid is at 
the teiii|MTatuie I."!', the reading of the aleoholoinetiM shows the 
|M*reentage of alcohol bv volume directly a leading ot 40. for 
mstanee, iiidieates that the spirit eoiitiiiiis 40 per cent of ah ohol 
b^V volume 

Kaised to a t<'m[KTature higher than l.l'’, the spirit will (‘xpaiid 
and become lightei , tin* aleoholometer Iheieton' now sinks tint her 
than befoK' (Conversely, at a teui|MTutun‘ lower than I.*! the 
iiistnimeiit ihs's not sink to so low a }ioint as at 15'' TIu* readings 
in such eases aiv ti-imed “ ap|)amit degiei’s," and (hiv-l.iissne's 
chief table (Tabic tic In fofce livHe dcM Uqmdka f*pirttufur) gives the 
true iHTeeiitages of alcohol eornvsiNiiidiiig with these ‘ apparent " 
or " obaervi'd ” ri'iulings The table shows also the corn's] londing 
correction tor the (liungc in volume which the spirituous lujuid 
has undergone with the variation of teiiijierature from the standard 
The true ipiantity of alcohol can thus be calculated 

The alcohol used os the Imsis for eonstnieting Gay-Lussai's 
tables had the s]K‘citic gravity 0 7V47 at 15'*, n^feiTi'd to wiittr at 
the same t^'iiitHTature as unitv In 1884, hovvevt'r, it was deen'cd 
that the graduation of aleoholoineters should lie based upon a new 
“ table of the densities of mixtures of water and absolute aleohol " 
drawn up by the National Bureau of Weiglits and Mrasure.s, in 
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uhii'li table tlie spi‘eifie gra\ilv of the alMohite nieohol is };iven 
as at ir»‘' <h vacuo, ^\atel‘ at the wiine t(Mn|N‘nitiire l)ein^{ 

taken as ItNI 'Die eHeet Ih to show slightly lower viiliii's than thn.se 
of the ongiii.ll iiiHlniineiitri, siiiee a gi\eii ]M'reenlugi‘ of the stronger 
alcohol (m|>. gr is 4S|ui\alent to a higher |HT(entAge of the 

weaker aleiiliol (sp gr 0 7047) The nmximiiiit <lifTeieiice is 
0 4 IHT cent 

With slight adaptations. (ja^pLiissae's aleoholoineter and tables 
are also UM‘d for fiscal ]mrposes in Helgiuni, Norway, and Sweden 
In Spam both (ia^\-Lussae's and uii earlier Kn‘iU‘li h^\droineter 
(( 'artier h) an* einplo\ed 

Tralles s alcoholometer and tables wert‘ iisisl m (icrnianx during 
the greatiM' part, of l4ic nineteenth iditiirx, and the mstnimcnt is 
still emphived ol1iciall\ in Italy, and com mere lally in Itiissia It 
IS a glass an'om<‘t(‘i' showing direetiv the iM-icentagi' of alcohol b\ 
Noliiiiie 111 a spirituous lapiid at the standard tem|Ni'a(ure l.'i(> '. 
The iihohol takdi as basis had the sp gr (f7040 at lofi i\o{\ 
For Use at temperatiircH other than the standard, tables weie 
supplied 

Tralh's's s\sl<>iii has been supisseded m C{ernian> b,\ the a<lo]itioii 
of an alcoholometer graduated to show jieiceiitiiges of alcohol 
Inf untfhi at the standanl temperature of 15" 'llit' tables udojitcd 
an basisl upon the results of iMemh^leeirs nnestigations The 
ollici d ahoholoiiK'Icrs are made of glass, ami rontain a tlieniionieti r 
III the lower {lart, so that the one iiistiunuiit shows liotli the teniptMii- 
ture of the spirit and its ahohoiie stniiglh Although the latter is 
taken Inf u'iujhl, for the pur|H)se ot charging dut,\ the results aie 
ion\crted into yoluiiics of absolute uleohol (at liifi ) b\ means of 
tables which show the number of litres of absolute alcohol coi re- 
sponding with an\ giNcn number of kilograms of the spirit tested 

111 what was toiineriN the Austrian Kiiipin', Meisnei s aieomcler 
IS used for the nssa\ of spirits It is an iiistiumcnl \er^ sinnlar 
to that of IValles, but nidicate.s |M‘reeiiliiges ot alcohol bolJi b\ 
weight and b\ volume The alcohol on which the tables an- based 
has the sp gr 0 7iri at 12 ,12- Keuiimur (l.V;i:>’ (' ) 

In Holland the oflicial hydrometer is devist'd upon a rlifTenmt 
plau from any of the foregoing The ateni is graduattfl in U^rnis of 
the volume of the instrument Udow the zero mark, each rk'grec 
being one-hundredth part of thia volume The graduation is thus 
not arbitrary as w'lth Hikea'a iiiHtniment, nor floras it show per- 
centageoi of alcohol directly, like Gny-Lusaae's or Trallesa iileoholo- 
meter Tables are supplied which eonv«Tt the indieations of the 
iiwtrunieiit into percentage of alcohol by volume at 15*. but the 

■r 
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ntandard adopUnl for fim'al w a “ proof " Hpirit, which at 

ir)** coiitaiiiH .K) ]HT cent hy volume of ahHoliitc ahohol 

A metal hydrometer cHHentiully Kimilur to that of SikeH ir UM*d 
ofticially in UuHHia It Ih graduated, howexer, in the n^xerse manner 
to iSikcH’K inatnimeiit, water laing rej)rew*iit4‘(i liy zero on the ItusNian 
hydrometer, and strong spirit liy KNi The rero mark, of couise, 
in at the bottom of the stem Tralles 'k alcohol is taken as the 
Htandard, the tables used with the iristniment showing ]>cicentages 
by volume of this alcohol at 12.1 *• Ueauiiiur (ir)l»" (' ) 

In the Tinted »Stat<‘s, the Ciistoms duties upon spirits were at 
one time levied in tiTins of alcohol |H‘n‘entages, but objeclnnis wi-re 
made to this on the ground that it did not conform to tiadi^ usage, 
which w'as to buy and sell in terms of pamf sjnnt After iiujuirx, 
tlwrefon*, bj a Commit le(« appointed in tlw year iHtit} to l■\amln^■ 
into the whole question of testing spirit strengths, it was decalcd 
that “the duties on all spints shall be lexieil according to their 
e<iuivttlent in proof spirit *' Tralles *s alcohol was taken as tin* 
standard, and the I'nited States pnsif spirit contains oiu* half of 
its volume of this alcohol at 1.1(1'* (lilpin’s results wiie laigeix 
used in compiling the tables for use with the hxdlomelel^, of wlmh 
thero is a series <'ovcrmg a range of grailmitioiis from tt to 2(Ml 
At the staiwlard tempiTature ISO” (* ((M) K ), distilleil watei is 
nqiresi'iiteil by U on the hydrometer scale, jmiof sjiint b\ ItMi, and 
Trallw’s alcohol by 2(MI 

Spirit metors, it may Iw mentioned that in some countries, 
though not in the Ihuted Kingdom, an “ Alcohol meter ” oi ‘ Spin! 
meter " is used m ilistilleries for the piii|M)He of n^gistermg automati- 
cally the (|uantitx and stivngth of the alcohol produced In oiu- 
form, made b> Siemeiw, (he spirit on its wax from still to receixer 
pusses into a vessel in which its stn'iigth is reeordisl Kor this 
purposi* a rioat is employeii, which, on the principle of the hydn>- 
meter, rises in weaker spirit and falls in stronger , and this motion 
of risu and fall is <'ominunieatcd to a dial indicator by means of a 
duhcate lex er mei'hanisui The vessel is so constructed as to pn»vide 
for proper mixing of the sjurit and to avoid convection effects on 
the float. 

The spirit then passes to the measuring instrument, which 
consists of a eyluider or dniin rotating on a horizontal axis, and 
divided into three equal comtiartments by radial planes. When 
one of tlie conipartiuents is full, the weight causes the drum to 
rotate, thus allowing that compartment to discharge, and bringing 
another into position for (ilhng in the meantime. The rotation is 
logiatered on an indicator dial by means of a pinion attached to 
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tho axlo of tlio (Inim Tims a coiitiniiouR rtTonl of quantity and 
stTt'ii^th lA ohtiun<‘d. 

Tlu‘ n(‘<'oin|mnyin^ talilo sIiu^n fur thi* priiH'ipal fitn'iffii ('oniitru't 
tin* alcnholic Htr(‘nf{tl1^ ('<im‘h|u>ii(iiiifr with miihuis tKTccntu^i's nf 
Kntisli ])n)of spirit. 

h'liiu iisN \i(.iiiiuii( sTiii M.iiiK wiTir IliniHii I’Hnifr v\i i i s 
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ALCOHDL CAUT’LATIONS 

(1) To convert percentage of aleofaoi by volume Into percentage 
by weight. 

Multiply the volume percentage by the apecific gravity of abHolute 

T 2 
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iilcoliol (()7lKi(i), nnd divide the iinNluct Iin the *i|Nritir KrAvit\ 
ot the lir|iiid in ipieNtMiii 

F<ir let iS' lie (lie H|N‘eiii(: f{ra\it\ of th(‘ li(|iiid (iit loti' iriti') 
Then ItN) e r \\ei);li KNI Sp j'rariiH, when* p is (lie sp of water 
at 1 .1 (i t . 

11 V he tli(‘ {K'l'eiMitage of .ileohol h\ Miliinie, then ItN) c e of 
the Ii 4 iiid eontain I' «■ t of ahsoliite iileohol 
'I'liiit IH, ItN) Sp ^riiTii.s eontain V e e ; 

I (N) grants (ontaiii ^ ee ahs. ale 
Sp 

Ihit 1 I e of ahs, air weij'hs 0 7!t!it» p i;rain, 

* ee weiuh ^ • 0 7!).‘tli /> uniin , ^ 0 71(!Mi gr.iin 

Sp Sp s 

That IS, ItN) plains of the lH|iiid eontain 1' h7!).t(i 

alcohol, 

1 f . |K-r,'..nt,iK.. (>> WfiKht >< " 

S|i (rr of (he lii|uiil 

(2) To convert percentage by volume Into grams per 100 c.c. 
MiiltiplN h\ ()7!)2M( 

Koi if ItH) ee of (he li<|iiid contain V ce ot ahsohiti^ ahohol, thi> 
wei^dit of tlie I' e i* is 

r^07i);)(l p strains, V 0 7!):it) t)t)0<Ni:i7 r t)7!)2S4 

(;)) To convert percentage of alcohol by volume into percentage 
of proof spirit by volume, 

iMiiiti))l> ii\ 1 7r>:io 

For absolute alcohol is 75*1.7 ‘ o\ei pnMif (hut is, |IK) volumes 
of absolute alcohol contain the same (planllt^ of alcohol us do 
nri.'t.l \oluines of pnaif spiiit Therefore 1 \ol of alcohol 
I 7.7:10 vols ot pisHif s|)irit 

()i for suMiinnr> ealculations, iiiultipU h\ 7 1 ( I 7.7) 

Fioni the fon'^'oing tlins' examples it will he seen how an\ i»ne 
denomiiiatioii can Ih' expressed in terms of un\ other 1'hus 
from (:i) a (puintit\ of alcohol m terms of proof spirit can he 
expressed in terms of ahsoliite aleoliol hy volumi* on dividing by 
1 753.7, nnd then either as jiereeiitage of alisolute alcohol by weight, 
or as grams of nlisoliite alcohol per lOt) c.c , as shown in (1) and (2) 
ri’s|K*etively 

'I'he various ndations can Im* summarised for ri'fereiiee in the 
following *' iHinversion etpiations ” 

fiCt .S' denote the sp gr. of a 8}MH’iinen of alcohol, 

I* the {N^roeiitage of proof spint In \oliinie, 
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1 (be pcKciitiige of nleohol by vnhmu' 


ir 

.. .. weight. 

and 

i: Ihr grams p«T lOd c c 

'riieii 

P 

V 

1 7:.:ir) r. 

2 2rK».'i 11 .S' 

0 :)7o:i p 

1 2 lid! ir*s' 


11 

1 p 

2 2<«t"i N* 



0 7‘»:ili • 

.Hid 

i, 

0 T1I2S 1 , 
tMr.2i P 


\li npriMtinii flrquHltlv in (hr of alioliol lioiu 

.1 lii^iluT to a low IT stn*n>ith 

111 the I.il»oMlor\, with (‘oii\ciiiciit uu'ttMiniiK \cnm‘Ik al hand, 
the o|M‘iation IN Niiiii»h* Tin* \ohiinos an* invnNoly aa tlio KlrniglliN 
\Vr tlioirfoir (ak** a roiivniu’iit qiiaiitit\ of IIm* almhol, inonaurcd 
at thr staiKi.ud toiiipriatun', arid imikr it up with water to nikIi 
a \oliiine at th(‘ Naim* tein|M‘iatiin*. that the latio of thiN \ohiine 
to thi‘ tii'Nt ihall Ite the latio of the given htrength to tlie re(juin‘d 
'.tiPiigtli 

ICx.inipl** tJiveii stK'iigth tMt |m>i .rent , leipiired strength 20 piT 
een Dilute 20 ee to !Mt e i' , nr 22 2 to lOtt, or III I to .^lOtl iin 
may he eonveiiienl Sinee the tem|ieratiire of tin* hipiirl riaeh 
during the iniMiig, for prwiM* work it iiiiHl Im* adjusted before 
eoinpletiiig the volume 

It IN to bu earefully iirded that on aeeounl of the eontraetion 
which oeeurfl the mjuired atrength would not hi* given b\ adding 
70 e e of water to 20 e e of the alcohol Mon* than 70 woiihi be 
n‘qiiinHl 

For this reason, the calculation is lesa ^in^lplo when, as in large 
opcTationa, no suitable vessels may be available for accurately 
making up the diluted spirit to a required volume at a particular 
temperature It is then necessary to calculate the actual quantity 
of water which roust be added This may be done as follows 

To find the volume of water which must lie adfled to a given 
volume F| of alcohol, in order to reduce it from a given strength ^j, 
to a lower strength fi,, the densitiep and respectively corre- 
sponding with these strengths, being known. 

Let X denote the weight in grams of the water required, and F, 
the resulting volume, in c c., of the diluted spirit Then the weight 
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of thn ^ivcn voliiini* of alcohoi ih V,/>i, anrl that of the renulting 
volume iM r,/^, 

hut llie latter weight - the former weight 1 /. 

r,/), f r f'j/;,, and jr - \\l)^ . (1) 

AIho, suite the Htrengths are in\erHeI\ as the voliiiiu's, 

V. 5, „ y,s, 


^ , or V, - . . 

SuliHtitiiting from (2) in (1) we get: 


( 2 ) 


'w <*> 

uhieh gives the weight of water reiiiiiml. in terms of the known 
(jimnlities, and e\pn*s.seil in grams 

Kor or<lmar\ work this him Ih- taken as the r(S|iiin‘(l rtilume of 
water, in ee The jireeiae volume will of eoiirse (1e|ieiul iijion IIh* 
temperatun> of the water At 4', j giuiiis r ee , at loti , 
r grams -- / I OtMMI e e 

Kxmph (I) Ihiw imieh watei at 15 () initsl tie added to KKI e c 
of IN) (ler cent aleohol in order to redii4*e it.s stieiigth to tM) |ht 
cent t (StriMigths liv volume ) 

Hen* r, IIH), N, tN), and .S’, tIO With Miflieient aeeiiraey 
the values ot />, and l>, ituiy Ihi taken from thi* ordinary aleohol 
tables l)^ and />’ 

.c (t) !)i;j4 /' lit) t) H;137 X fit)) < 1 lK)t)l) 5;i lit) e i . 


or praelieall} , 5,1 7 e c 

Strietly, however, the values of and /), as taken from the 
oidinary aleohol tables are not the true densities (mass of unit 
\olume), but the stHH'itie gravities at 15 5°, referreil to water at 
that temperature as unity Since tho density of W'ater at that 
tomperature is tl !)0l)0:)7 (Despretz), and not 1, the values of 2), and 
should be eorrectiMl aei'onlingly If wo therefore multiply thew* 
values hy 0 900017, we find tho true densities and D, to be 
08120 and 0 0125 res]iectively, and the corrected result is 
j; = 51 04 e.e 

But it is to bo nuteil that we get the same result by simply taking 
the values of and from tho ordinary alcohol tables and using 
them in equation (1), omitting the factor 1 0009 
HM) 

I ^ ^ (09134 X 00 - 0-8337 X «0), 

53-(l4. 


The faet is that the reciprocal of 0'009037 is 1/1'0009 ; and this 
cancels out tho factor 1 0009 used in the first calculation. So that, 
finally, although z in equation (3) dsDOtee the might of water 
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requin'd, if we take the values of and Dg an 8]K'oilic gravities 
Jrom //<e ttrdimrij akoluil tahlett the n^iiult expretwes the required 
I'tdum of water, in c e 

This t'xiimple has been t^laliorated a little. beeauM* the ])oint in 
question ia sometimes found puzzling by persona unfamiliar with 
iileohol (‘aleulations 

Ejrtmplii (31 How much water ts required in order to nKlueo 
10(1 gallons of spirit at HO o\er proof to a strength of 20 over proof i 
From what jirn't^les, it will be seen that equation (3) will give 
the answer, r, in gallons, if tlie H|)eeiKe gravities corres|Mmdlng with 
the stHMigtiis aie taken fioin the ordinary alrohol tables 
Here 

r, 100 X, - IHO, Nj -120, />, 0K20o, niifl 1 )^ 0 H03H 

llelin- r ' |l![[ /lHO-OH20ri '120) 

3H 2 gallons 

IVolilenvs of a slightly diffenmt ehami'ter are set m iho next two 
quest Kins 

(I) What wiMght of water must be added to 100 grams of an 
aholml ( 1) of given strength t}K‘reentage b> tmghl) in onicr to 
prodnee an aleoliol (fl) of gi\eii hiwer stn'iigth ' 

L't n and h be the resjM*eti\e gi\eii hlnmgtbs (|MTeentRges liy 
M'* mht), aiul let X be the weight in grams of the water n‘quinHl 
'I lien the total water present is ItMl « | j. and the weight of 
H piodiKod IS I(HI I X 

loo 

. in UK) grams of H then* an* ^ ^ (KKI — « | x) grams of 


water 

But the weight of water in MKI graiiis of H is also 100 ■ - h Henee, 
equating, 

«-«+.) .-i.K)-6. 

Bulving this equation, we get 


X 


UK) 

b 


(a — 6) . 


(i)- 


Thus if -d is ah*ohol of 00 iht criit sln^ngth by weight, and we 
require to dilute it to 70 per ci'iit,, the weight of water to be added 
to 100 grams of .^4 is — 


!JJJ^(90 - 70)=28f grams 


(2). If in the foregoing example we have 100 c.c. of A instead 
of 100 grams, what is the quantity of water required ! 
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I^'l /i lie the (IciiHitN iil tlio silroliol A Thfii UMI f »■ \mII wfi^h 
HN) li ^rnnirt llciuc the quuntitv of uiitiT to hr iiddt'd \s 


l(H» /> HM) 
100 h 


h) grains. 


KMI (« h){^amt\\s ... (ii) 

h 

Herr, ii,s I'xpljiiiird alioM*, the \nliir of h if (aUi'ii fioiii llir 
ordinals alcnliol taldch ih not thf tiiir d('n.sitv (mass of iiml snliimc). 
I)iit till* s|MM illr ^rasih n'frrrrd to water at 15 (i‘ Hence 100 c c 
do not ssei^li cMirtly KNI I) grams if these tahles aie used In tins 
c.LM', as in I lull explained ahoxe, (he f|uaii(ity of vsatiT gixen h\ (he 
expivhsion (II) must Im‘ taken as the mliiMr in cc , not the ssi itdit 
III graiiiH 'I'lie correction for reilming the xaliie of l> to tine 
density, and that tor converting gianis of siati'i into ce, cancel 
each other <iut 

Approximations. In technical o|MMa(ions of lediieing 
spiritH from a higher to a tower atmiglh it is (ommoii to disiegaid 
the eflect ol contraction when no great aceuMcy is leipiired 'Hie 
I'alculatmiis are then iimeli Hiiiiplilied From the piineiple (li.it 
the soliiiiM' IS uiseiselv as the stiengtii, the volume whuli the 
lediieed spirit will have is cahiilattsi The ililTeieiiee hetweeii this 
and the oiigiiial vohiiiie is taken as the volume of water to he added 
\ few examples will make the inetlKKi clear 
A^lrrf;(p^ (I) (liven ri4 galloiia of Hpirit at stiength K .*) over 
(iroof , how much w'ater is requinsl to nsliice it to 7) ovit proof ' 
Here the given stri’iigth KtH.l jnt cent of (iriMif spirit, and 
the mpiired atreiigth IttJl ."i Siiiee the vnlunu's arc inversely 
as the atn'iigths, the s'oluine of the nslnced spirit will he 


nr c-.. 1. 

54 5 < ,, — 57 1 gidloiw 


1'he volume of wat<«r to be addtsi is therefore taken as 57 1 — .>4 5 = 
2 tl gallons The exact quantity should be 2 7b gallons, if contrac- 
tion wen> allowed for, but the result is sulheiently aeourato for 
teehnical imr{H)ses 

A’r«m/i/c (2). A much greater discreiiancy. how'ovcr, may occur 
when the two stnuigths ilifler more widely. Take, for instance, 
the example already worked out (p 2711), eir , how much water is 
n^quirud to reduce 100 gallons of spirit at 00 o p to a stnmgtli of 
20 o p i 
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AL(’()H()U)MKTWY 


L>S1 

Mm' tin* voluim* nf lli<‘ .''pint nflor mlmtimi t«» tin- li'wrr mIii'h^sHi 
willin' ■ • 

■ All 

KKI / -■ I.‘W H Kiilhms 

and thr i|iiantit\ of w'alcr to hi' addrd would In- taUcii as 

kmio ;i:i ii gallon') 

Till' accnratr iniaiitity would hr* .'{ll !! iialloiis, a'* alirad\ '•luiwn 
lutniipli' i;i) (liM’li \olHmi' SO pdloii's. at stri'iiL'Ili !(> om i |iionf . 
how niiich WiiliT iiiu^t In* added to inliin* Ihi* Njuiit to !!.» inntn 
|iioof * 

Ill'll' ihi' iH'Firiitap' ‘^ticritfth^ air ri's|M'i li\rl\ IlHt . 10 ami 
100 J.") oi 1 10 and 7.1 and till* n"'iillin>t Mihimr ol till ndnn d 

NlUIlt I'o 

S(» 1 17 .‘I jralloiis 

f.l 

'riu' <|ii.inlit\ of wati'i fo III addl'd tlirirforr t.iKrii as 
||7:i SOO .‘{7 .‘t pdloiis 1 hr (orri'i I l|uan1!l^ woiihl hr :is ti 
Hnmitli (f) It is vMiirtinii'N uiiurnirnt to rahnlatr thr r(|in\a 
Iriil /i/on/ gallons iM'lorr jiioirrdinK to lind thr tinal voliiinr of thr 
irihnrd spmt as in thr follow int! iiistaiur 
( '\rn 10 ^ralloM^ of '•|mil at 11 ovn proof and 20 ^r.illoiis at 
lo ii.idrr pioot . how iiim h wain nnist hi addnl to thr niixtui'* 
III thi'H' in oidn to irdiKr thi* stinijfth of thr wholr to 2.1 iimln 
proof f 

I'liit fciliiilnti' i'.iih ini.iiilil> t" li-ill.’ii'- 


.10 ^allima at 12 o p 

.10 

112 

InO 

.10 0 gallons at pioof stn iikHi 

20 10 11 p 

70 

20 . 

m 

KMI 

ISO 

Total 


71(1 

Thru 74 0 at jiriMif - 

- 74 0 . 

100 
7.1 ' 

tW 7 „ 2.1 undrr proof 


Hi-mc the niittT to be imWcI i« cak«-n an IW 7 - 711 « - 2H 7 gallwi 
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CHAP. 


IhM'TION (ir M.i'imm. KKIM UIVBM SirRKSriTIl to REqUIRKU 1.0WRH HrKPNUTII. 


Int^lier itn'iijjthR, pir ('ciit by voliimp 


KeqiiiiiMi 

1 im»T ( 1(1 (Cl. (ii. «;) 9 J. 91 9 U H.I. 80 

htn‘iiK(li 

VfiliiiiK* Ilf Mutrr III Cl' to In' rcIiIimI in I liln* of Hlrohol 


(in 

12 





- 

— 


- 

(14 

2n 

12 

- 

— 

- 




- 

(I'l 

;iH 

2 n 

12 






- 

(ij 

.no 

38 

2.1 

12 






(II 

01 

Al 

38 

2.1 

Ij 

— 



- 

(Ml 

77 

04 

.Kl 

38 

2.1 

13 




H.1 

147 

i;i:i 

11(1 

100 

•12 

70 

00 ' 



80 

22 1 

200 1 

1 10.1 

ISO 

100 

1.12 

I1H 

OH 


7.'! 

310 

2 iin 

27(1 

203 

210 

231 

210 - 

14.1 

72 

70 

40H 

, 101 

371 

3.10 

312 

326 

:no ' 

231 

1.13 

nn 

n20 

'■i0'2 

481 

107 

110 

432 

II 5 

311 

210 

00 

0.70 

0110 

013 

502 

57.1 

.1.1.1 

.i;io , 

140 

3.14 

."i.n 

MIK) 

7:1(1 

7A0 

730 

710 

008 

078 . 

570 

480 

AO 

(181 

110(1 

o:in 

014 

802 

800 

817 ' 

730 

Oil 

in 

1200 

117.1 

11.11 

1120 

MOI 

1077 

10.11 . 

032 

81.1 

Ml 

1472 

Mil 

1117 

l.18<l 

1.102 

i;ui 

1.108 ’ 

117.1 

1010 

:iri 

1818 

1787 

17.10 

172.1 

1001 

1001 

I0.I2 

Mho 

1320 

:(o 

227(1 

2211 

220.1 

2100 

2i,i:i 

2008 

2002 , 

1880 

1711 

an 

2010 

2873 

283(1 

27HH ' 

2745 

270:» 

200 1 

2111 

2211 

(!0 

3872 

;1K20 

:»707 

3715 

304(2 

.1010 

:i5.i8 

.1208 

3010 

in 

A 100 

5307 

5328 

52.10 

.1100 

5121 

50.13 < 

4710 

4.100 

10 

80, 'i8 

SihiO 

j 81.1.1 

83.11 

82 

8147 

8015 I 

7.130 

7020 


Refractometric estimation of methyl alcohol. - 

III a mixtun* of iiiothyl iind aUiihoU ahicli ih known to hi* friT 
from otlior HiibMt^iiUTH oxcept wati*r, tht* propitioiiH of the la'o 
Hlcoholu can bo n'nilil) ifNcortnined by (IrtrrmimiiK tlio rofractivo 
indox of tho niixturc ^ Or, what oomra to tho miiiio thing, inHtcad 
of tho n'frai'tivo iiidox wo may uw tho refraotive value, oxprrHwd 
in torina of the Moale dogn'CH of the partioular instrument employed. 
The Zeira iininerHion refraotometer is the most suitable apparatus. 
Any other form, however, may lie used, so long as the index of 
refraction can lie determined, though tho immersion uutrunicnt 
gives the most accurate nniults licach and Lytbgoe's tables give 
(the refraction values at 2tr corresponding with percentages of 
ilcuhol by weight : their data are used in tlie following ' 
'-hewription. 

The refraction value of methyl alcohol is less than that of ethyl , 
' ^ihol of the same strength. The greater the strength of tha 

^ ^ I«ach and Lythgoc. J. 4swr> CA«fii. Soe^^ lQO0i 87, 904. 
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ali‘ohr)lH, till' ^rcutcr is tlie cllfforoni*e of n^frartiim viiliii' Knr 
example, ut 10 ]MT (Tilt Htreii*'tli the diiTeiiMiir is 11:2 (/eiss 
8('al(‘) , nt oO ]M‘r cent , oO . 1 ' , and for the idiMtliitc iilioliols, 
89 " 

As the streiif^th conlmiiniihix iiienMMcs, thi* n^friu'lioii-vnlm* of 
each alcohol first rises to a inuMiniiin. and Hum falls Witli inethxl 
alcohol, the maximum is rt'ached at hImiuI .Ut |kt cent stnmjcth 
(h;i \vi‘if;ht) , with ethxl nt alHXit T.') |kT (*eiit 

To make- a (IctcTiiiiiuttion, the s|H*(ili( piaxilx oi the mixture is 
taken, and then the refraetoinetix leading ut 2(t" From the 
speeilic )j;ia\ily the iHTcentupi* of total iileohol is iisrtx'tniiieil by 
means of the oidin.tr\ tahle.<.. 2.‘t!i) No appiisiahle eiior is 
caused l)\ u-siiij; th(‘se tables for the mixtiiie since tlu' densities 
of I'thxl and inethxl alcohols an* siibstantialh the Haiiic The 
ndractomeler leadmji of the mixtiiie will he betxiecn the \alues 
tor (‘tlixl ahohol and luethxl nlisihol in the letraction table's, wlii'iice 
the pioportioiis of the luo in the iiiixtiin an* ionnd by a simple 
calculation, thus 

Suppose the total ahohol to be .'10 ])ei leiit , and the ndnu'tonietcr 
rcadmi' 12 0 Fiom the tabh* the leadings (orr(*s|a)ndmK Mith 
110 pel (cnt ahohol aie 112 H and (19 0 Then 09 0 92 8 .‘10 2, 
and 09 0 42(1 27 0, .so (hat (27 '.’10 2} 100 74 .^iK p(>r 
cent of tin* total alcohol is niethxl alcohol , and iih the total alcohol 
is 90 per cent , the inctliU alcohol is .’10 0 74.18 - 22 117 imt cent 

of (he mixture, b\ weight 

Apart from errors of reading the instniment, the chief kouici* of 
imiediiaex to guard against is the presence of an\ appreciable 
(piantit,\ of acetone, essential oils, or otiu'r \olatile aiibstanci's, 
ahicli max notably alfeit tin* refiaction If no such im|Hiri(iea 
are pn'sent, fairly accurate resulta are obtainable .\ii idea of the 
degree of accuracy may la- gatherc'd from the following results 


MeOiyl alcoluil, {ht rent. 


Present 

Fuiiinl 

Difforenra* 

.’i tm 

(148 

+ (1 .w 

HM 

8 02 

1 11-42 

I'J 21 

1177 

0 44 

22-HI 

23 75 

+ 0 01 

4>tia 

4741 

1- 1-73 

bS .'•2 

00 88 

-J- 130 
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Hi'^LK llK\IIINflS DP Z|:M<I IMMKIISIOV IlhPK Vr FDML PI 1( VP JO' 
(Lk 4('H Avit L\ rifuol ) 


llOAdlllgH. 


AIcnIiiil 

I Vp i;ciO . 

Mfolliyl 

Kthyi 

Iiy wtMKlit 

iilrnliol. 

Alc'flliol 

0 

U.l 

14 6 

1 

It K 

HI 0 

‘J 

1.1 t 

17 0 

:( 

HI 0 

10 1 

1 

Hi 0 

20 7 

fi 

17 2 

22 \\ 

ti 

17 H 

21 1 

7 

IH t 

2.1 0 

M 

ion 

27 8 

0 

HP 0 

20 Pi 

10 

20 2 

31 4 

II 

20 H 

33 2 

I'J 

214 

3.1 0 

III 

22 0 

3tl0 

14 

22 li 

38 7 

ITi 

23 2 

40 ,1 

III 

23 0 

42 .1 

17 

2 1 fi 

lt.1 

IH 

2.1 2 

40 .1 

III 

2,1 H 

18.1 

JO 

20 1 

.10 1 

Jl 

27 1 

12 1 


27 8 

.14 3 

•j:i 

2H 1 

.iPi 3 

•J4 

20 1 

18 J 

jfl 

20 7 

P8) 1 

JO 

30 3 

01 0 

27 

30 0 

113 7 

2H 

31 0 

li.1 .1 

20 

32 2 

07 J 

:io 

32 H 

OOP) 


33 .1 

70 4 

.12 

34 1 

71 7 


34 7 

73 1 

M 

3.1 2 

74 4 

36 

36 8 

76 8 

.10 

30 3 

76 0 

.17 

30 8 

78 0 

38 

37-3 

701 

30 

37 7 

80 2 

40 

.18 1 

813 

41 

.18 4 

82 3 

42 

.18 8 

83 3 

43 

30 2 

84 2 

44 

.10 3 

86 2 

46 

.10-4 

86 2 

40 

30 6 

870 

47 

30 6 

87 8 

48 

39 7 

88 7 

40 

30 8 

89 6 


UciulingH 


l*i'p wnt 

Mnthyl 

Ktliyl 

hy wfighl 

niriihol 

llll-flluil 

.m 

30 8 

00 3 

61 

30 7 

01 1 

.12 

30 Pi 

01 8 

.13 

30 PI 

02 t 

64 

30 .1 

01 0 

61 

.10 4 

03 Pi 

6Pi 

30 J 

01 1 

67 

30 0 

01 7 

.18 

38 li 

0.1 J 

10 

.18 1 

017 

00 

37 0 

Ol) 2 

Pil 

37 .1 

00 7 

OJ 

37 0 

07 I 

111 

30 6 

07 .1 

111 

.‘III 0 

08 0 

0.1 

•1.1 1 

08 3 

PHI 

3.1 0 

OH 7 

07 

•II 6 

00 1 

tlH 

.14 0 

00 4 

00 

31 .1 

00 7 

7PP 

•13 (1 

IIIOO 

71 

3J 1 

1110 2 

7J 

.11 7 

liio 1 

7t 

31 1 

10(1 II 

74 

.0) 1 

loo 8 

7.1 

JO 7 

101 0 

70 

JO 0 

|0| 0 

77 
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IPHPO 

78 

J7 It 

100 0 

70 

JO 8 

100 8 

HP 

‘Jli 0 

IPPO 7 

81 

2.1 1 

101) Pi 

82 

J4 3 

100 .1 

83 

23 l> 

100 4 

84 

J2 8 

loo 3 

8.1 

21 K 

IPH) 1 

80 

20 8 

00 8 

87 

10 7 

09 .1 

HH 

180 

09 2 

89 

17 3 

0^ !l 

IPO 

Hi 1 

08 8 

91 

14 0 

08 3 

92 

13 7 

07 8 

03 

124 

07 J 

94 

no 

06 4 

06 

00 

017 

06 

8 2 

04 0 

97 

117 

04 0 

98 

6 1 

93 0 

90 

3.1 

92 0 


100 


91 0 
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In tins ('ouiitn it is inon‘ usual lo take tin* rcfrartoiiiftcr inuliii^s 
at ir> ir V‘ ( - 60 '’ K ), and tin* ri'siiltH an* often uanted liy \oliiine, 
nr at )U'onf htren^tli Tlie fnllnuin^ tahle.^, ruleiilaleil l>\ .1 Mnlnies, 
Ki\e tlie re(|niri'd \alueh mrrelated with s|M‘iilie gravities 


Si'M IM( I.KVMTOs, \l,f'OIIO|, l‘|< Hl'l N rsuhs, \NII Hl.l- ll\M lifN \ M I h •« m 
AQl HUS siill'l'KIVy or MITIIVI. All'OlUtl \M» iril\l< \|.<'OHil| 


S|IIM ill'' 

KriiMlj 


I' 

.■ni'iktiiai* 

of 


Ki'fiai liiiiii'ti'i 

n')ullli^ nil 



\l)>tli}l 

Kllijl 


/iSnM IMIIIII‘|N|Ii|| 

\t 

1 ."i li ‘ 

At 

1 .7 (»■' 

illi'nhiil 


illi'iilml 

Pini.f 

at 1 .7 (i 

i:iii 

4 . 

lly 


»y 

Hv 

hpiiit 

Mallivl 

Kllixl 



Hiliinu' 

‘Igllt \olllllM‘ 

«i'i|;li( 


all iilml 

all iilii.l 

1 niHHi 

II <l«lllll 


(1 




l.'i 4 


n 

II IIIITJ 

1 2.7 

1 

1 20 

0 oil 

2 0*1 

Hi (1 

Hi *1 

II •I«M|*I 

II •Kirri 

2 .‘ill 

* 

2 3li 

1 VI 

1 12 

Hi 6 

18.1 

(I 'riih 

II *111, {S 

•1 7.7 

.1 

3 .76 

2 87 

1. 23 

17 2 

HI'I 

iMmi 

1111*121 

1 0*1 

4 

4 HI 

.4 84 

h38 

IT 7 

21 .7 

<1 'l*ll 1 

II *1*1117 

li 23 

.7 

6 09 

4 88 

10 62 

18 3 

23 3 

(1 

II 11^8*1 

7 41. 

6 

7 31 

.7 S*l 

12 81 

Ml 0 

2.7 1 

WMSSJ 

(1 'h73 

8 li*l 

7 

81)4 

1)91 

1.7 110 

10 7 

27 II 

II asiiii 

II *IS.77 

11 111 

8 

0 0*1 

hOI 

17 41 

2(1 3 

2*1 1 

II I 

II *IS(J 

II l.l 

‘1 

11 31 

9 11 

10 72 

20 0 

31 0 

II «l8.Ui 

(I *IS27 

12 37 

111 

12 1)7 

10 21 

22 117 

211) 

313 

II <ISJI 

(1 IISIJ 

13 .77 

11 

14 04 

11 14 

21 TO 

22 1 

37 .7 

II 'IMIli 

II *17*17 

11 7S 

12 

1.7 16 

12.71 

2li Oh 

21 1 

37 1) 

II »l7'll 

II 1I7SJ 

1 7 '111 

1.1 

16 111 

13 72 

2*1 71 

23 1) 

III 2 

(1 ll77li 

II *i7ll7 

17 I'l 

II 

18 40 

1194 

12 1 1 

24 7 

12 7 

llil'iil 

(1 *1772 

1 S .10 

17 

19 8H 

Hi 17 

34 70 

27 .7 

4.7 2 

II U7I<> 

1) 117.17 

1*1 .78 

Hi 

21 .17 

17 11 

37 32 

2(i 3 

17 8 

II !i7.i 

(I *1723 

211 77 

17 

22 74 

18 16 

30 73 

27 1 

.70 1 

II 11717 

II *I7(IH 

21 <11. 

18 

24 2(1 

19 78 

12 28 

27 0 

72 I) 

II 1I7IIJ 

II *11)11 1 

23 1.7 

I'l 

2.7 .7.7 

211 IN) 

44 61 

2S 7 

.74 8 

0 tlliH'l 

1) llliSII 

24 .1.1 

20 

26 hli 

22 01 

46 113 

211 6 

.77 0 

II lllw.'i 

II iiliiiii 

2.7.71 

21 

28 17 

21 0*1 

40 18 

30 ti 

.79 2 

II tllllil 

II !lli.'i2 

21. 1.11 

_ij 

20 3*1 

24 1.7 

.71 37 

31 1) 

III 1 

II 1111-17 

II lllillN 

27 81. 

2.3 

30 .7*1 

2.7 IS 

.7.1 48 

32 .7 

1)3 4 

II iiii:i.i 

II 9112 1 

2*1 (13 

24 

31 77 

26 17 

.7.7 .7 1 

.13 1 

6.7 2 

11% Ml 

U'llilll 

.III 20 

25 

32 87 

27 11 

.77 47 

31 2 

66 *1 

II illiO.'i 

II 117*111 

31 31. 

2li 

.13 0.7 

28 (Hi 

.7*1 37 

31 *1 

liS 7 

II ll.Vli 

II 11.782 

32 .72 

j7 

17 (Nl 

2S 07 

III 20 

.17 ii 

711 1 

II lirnli 

1) !l.7()7 

31 1)7 

28 

31) 08 

20 01 

63 III 

31)2 

71 li 

II uniii 

(1 11.7.72 

34 82 

2*1 

,17 13 

30 84 

1)4 07 

36 7 

7.1 1 

II ll.'i4li 

II !rj:i7 

3.7 011 

30 

38 lb 

31 74 

61) 77 

37 2 

74 1 

liiljiU 

II *1022 

37 111 

31 

39 Hi 

32 62 

1)8 .72 

37 7 

7.7 7 

ii4i:)iri 

U 0.70(1 

38 23 

32 

40 10 

33 .73 

70 32 

.38 2 

7ii 9 

II IMIHI 

0 041NI 

30 36 

33 

41 19 

34 43 

72 IW 

38 6 

7h 2 

0 

(1 11473 

411 48 

34 

42 23 

3.7 3.7 

73 91 

30 0 

70 3 

II 114% 

0 04.77 

41 IM) 

3.7 

43 10 

36 22 

7.7 .70 

30 4 

80.7 

I) <J441» 

() 0440 

42 71 

36 

44 10 

.17 12 

77 34 

30 7 

HI .7 

0 11432 

U 9423 

43 82 

37 

4ti 17 

38 02 

79 07 

40 0 

82 6 

II 1141.7 

(1 0406 

44 02 

38 

46 13 

38 89 

80 74 

40 3 

83 6 

0 b:t!iH 

(1 0389 

46 02 

30 

4706 

.10 7.7 

82 3H 

40 6 

84 .7 

II 03% 

(1 9371 

47 11 

40 

48 04 

40 66 

84-10 

40 9 

8.7 6 

0 0362 

0 0363 

48 10 

41 

40 OO 

41-64 

8.7 78 

41 1 

86 6 

II 9343 

0 0334 

40 27 

42 

40 99 

42-48 

87 .73 

41 1 

87 6 

U 032A 

0 0316 

.70 3.7 

43 

.70 03 

4.1.36 

80 17 

41 6 

88 6 

0 0307 

0 0208 

.71 42 

44 

61.83 

44 21 

90 76 

41 8 

80 4 

0 9280 

0 0279 

.72 48 

45 

62 77 

45-10 

9*2 40 

42 0 

00 2 

0 027(1 

0 0261 

53 .')4 

46 

63 6.7 

47 94 

93 9.7 

42 1 

01 0 
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Fcir use in tho tropics, tlio following table of Ihe refract ion -values 
of ethyl alcohol solutions tit :tO^ T ( F) may he fouiiil 
serviceable. It is dui' t4) Browning and tSyinons ' 'I'ho ulroholu* 
NtriMigths were (letenninefl by rcfcreinr Ui the rnitcil State-s' 
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CHAIT’KII VIII 
IN1iI*snu\l. AU'OIIUL 


Aiii'OlloL Niiitulilo f<ir use u.** n lievpitige im liravily taxi'd in ninat 
1‘ountric‘s III so far, hourvcr, aa it is nsjiiinHl for piii'iNWH ullipr 
than iritririiil I'oiihuiiiptioii by liiiuian la'ingH, tliPi'p is probably 
no country that moiiIiI ^nsli for the iiniNisitioii of n lax upon no 
ubeful an article aa alcohol has proved itaelf to lie in the arta and 
iiinnufai'tiircrt To mention only a f(‘u of its iiiduHtrial applu'a- 
tions, it is largely emplo>e(l as a source of heat and light, as a 
solvent for resina in the niaking of \ariiishes and fiolishes, aa a 
reagent in the extrui’lion of drugs and the preparation of various 
ehenueuls, and as a eoiHtitiient of inedieainents lor external use 
There niny be good economic groiinda for an imjiosi upon alcohol 
used as a Iumii\ , but the ease is far otlit'niise alien the apirit is 
ernphoed as lb(‘ rua material of, or as an niljiimt to, productive 
induNi I'} 

Kor this reason it is a <-ominon ]irai lice to “ deiiatiin* '* alcohol 
reipiired in maiiiifaetunng o|H‘nitioiib, am! allow it to he used free 
of duty The denaturing pnams consists in mixing with (lie alcohol 
nausooiiH HubbtaneeH ahieh remler it unlit for drinking, but do not 
prevent its use for industrial piiqKises (')iief among these sub- 
stances are woixl naphtha (crude meth)l alcohol), mineral naphtha, 
benzene, and bone oil or inide jiindiiic basra ; though for NjM>eial 
reipiiremeiits many otht^ra are eiii]ilo}ed The denaturing may he 
either “ eom]>lete,’' the denatured alcohol being then allowed to 
be distributed fur general imlustrial or domestic use with relative!} 
few restnetioiis ; or it may be less oomph'te, in wliieh case the 
spirit is sanctioned for iiiaiiufaeturing piiqioses only, and used 
under closer supervisiiin. 

I. INDUSTRIAL ALCOHOL IN THE UNITED KINGDOM 

Great Britain was one of the first countries to sanction the 
' employment of denatured alcohol free of duty for industrial uaes. 

fw U 
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'Die price of spin! found to le iiiterfeiing 

HenoiiHly with tnide, |Nirlly h\ ( ninpelling manufacturers to leaoit 
to inferior HuhatitiitcH, and ]Mtrtly, where Hiielk hubHtitiitcs were not 
available, i)\ innking it dilfieiilt to eoinpete with nianufaetiirers on 
the Continent where Dk' duty was ineonsidernlile or where, uh in 
Kranee, tlie pure aleohol was allow'etl to be usi‘d fret' of duty The 
matter waa bniughi to a head m the \ear 1853, when the ])utentee 
of a lubneanl intended us a Miibatitute fur H|K;rin oil applied to the 
Treasury for permission to reeei\e alcohol free* of diit,\ for use in 
making the luhrieunt This ajiplieation h^d to an extensi\e series 
of experiments, earned out in the Inland Jb‘vemie Ijiboratory 
under the auspices of its chief, Mr Ceo Phillips, in ordci tonseeitaiii 
whether it would be practicable to allow the use of ahohol free of 
duty for manufiuluring purpost's, without endangering the re\enuc 
derived from potable spirits The oiiteuine of these fApcriincntH 
was the piojKisal to add crude wihmI nuphlha to spirits of wine 
This addition, it was considcrt'd, would siilliet* to jmwent abuse of 
the privilege, if granted The suggestion was lefcired to IVofs. 
Graliani, lloiTinann, and UedwiKsl, the well-known clieinists of 
their day, who reported in lavour ot a mixture of it) |)ci (i>nt of 
wood naphtha with spiiits ot wine being Acc(')ited as a d(‘natured 
aleohol wliu li eoiild Ih' used frei* of diit,\ without scjiiais detimient 
to the n'veiiue from potable spirits 

Sueh a mivture, termed ' incth} luted spirits." was legalised ni 
18“i5 by the Act 18 & lit Viet , <a|) 38 This nieasuie was tound 
very benetieial in its ojieration as itgurds both ]iiduslr\ and seieiitilii* 
reaeareli It also les.Heiied the pra< tice of illicit distillation of spiiil'^, 
which has lus'ii earned on from time immeiuonal in \aiioiis parts 
of the Culled Knigdoin, and e\eii \et, es|HTiiill\ in Ireland, .,iid 
to some extent in Scotland, is h^\ no means extinct, in sjiile of the 
fact that exceptional legislation has been enacted for Ihosi* count lies • 
Much of (he nleoliol forineiK priHluied h> illuii distillation was 
not UHtnl foi drinking, hut was sold to \ariiish iiitikers ami other 
inunufaetun'ra of goods in wliieli the iisi* of alcohol was reipim'd . 
this market was praetieall,> cut off by the jiussing of the Act above- 
mentioned, and the euiiHi>(|uent pnaluetioii of a legal uiitaxed 
alcohol 

Down to 1801 this " meth\lated spint '' I'oiild be used duty free 
fur inauiifaeturing purjaises only. From 1801 to 1801 it could be 
used for any purpose utlier than consumption as a be\erago or a 
medicine, but if used in large quantities, as fur maiiiifaeturiug 

* 111 the >i'iir 1UI4 tlirn' vii'rc 1,01(1 ilolt'ctHiiM anil sciriin's nf illiiMt ilis* 
tilling plant anil luiiti'nnl'i in In'lnwl, anil i in Scutland. 



INmWRTAt. Al/^HOL 


SOI 


(ipvratiuiiM, it could not he piirchaM.*<l from a rclailcr of inr(li\ luted 
hpirit, but only fnim a iiicthylator, and the uncr wan Niibjcct to 
Kxcise su]MTvi.sion 

Til 1801, lumever, the use' of thiu (uhicli Kubsc(]uciitl> taitic 
to be dchcrdied aa ‘ ordiiiur}' " nicth 3 ialiM] upirit) uau coiifiiied to 
iiiaiiufactunng pur])oM*H For doiiu'utic and f'cncnd rc(|uin‘inentH 
a iiiiiierali.sed " ]iicth\late4l upirit nau bniii|{hi into uae , thiu 
rousihtiMl of the aboM* “ onliiiary H]nrit aith an addition of 
0 37r> |N‘r cent of niincrul naphtha (petrohaiin of a ccitairi character 
hPC p .‘MS ), 

This “ iniiicralihcd ' incthyliitf'd spiiit has remained m use up 
t4» the preaent time, but in the year IIMMJ the “ ordinary " h))iiit 
was modiliisl in eompo.sition aa a result of the imimniendutiona 
ot the DepaitiiK'iituI (Viniinltt«‘e on lii<liistrial Alcohol ^ It waa 
made cheaper and jiiirer b\ the nsliiction of the projiortion of wood 
natihiha from 10 |N'r cent to 5 ei'iit , and by the ^anliiiK of 
a lehate to compensate for the estimatisl eiihaneemc>n( of the coat 
of prcMluition due to Kxeiae sii|M>rMsioii The amoiinl of thin 
rebate at the present time* i.s .‘tc/ per jiroof ^{allon of .spiiita nieth^ lated 

In the M'iir l!H)2. howc'xer, an alteriiatixe to the use of imdh^latecl 
spirit was opened to inaniifac tiirera I’lidei th<‘ piovisjons of the 
Ke\eiiue Act, l!N)2, alcohol nui\ be Niiutioned for use fiee ol duty 
ir arts or manufaefuies after Iwiiip siibjec ted to some .sperir// pioeesa 
of <ii nutuniif;. more a|i])io|)riate to the particular industry, in cusea 
wheie melli\ lated spirit is unsuitable or dcdriimntal ' Fossibly, 
e\en, the alcohol could be iisc^i in a pure state, Hhould the eireiim 
staiic-es be held b\ the Commissioiic'is of (’iistoms and Fxcise to 
iec|uiic‘ it 

At the* ])ic‘sent time, tJieiefore, the following larieticH of aicohcjl 
ma>, so fur as the proMsioiis of the law an* eoiiccrned, be uhccI frc'c 
of duty III the L'liited Kingdom fur iiiduNtiial purposeH - 

(1) Mineralised methylated spirit. 

(2) Industrial methylated spirit. 

(3) Alcohol specially denatured. 

(4) Alcohol not denatured. 

Wo pnieecxl to deaeriljc thew in aomo detail, adding a few nuleH 
as to the' chief eoiiditionii under which eacdi variety may be Banetioned 
tor iiae 


(I) MINKKALLSKD MhmiYLATEl) SFIKIT 
Tina eonaiata of a mixture of 9 voIuuhhi of ordinary ' plain " 

* (*cl. 1411, ItMW. 
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apirit and 1 volume of “ wood naphtha,” to which miiture has 
b(j«n added 0 375 per rent of “ mineral ” naphtha ^ It contains, 
therefore, practically 10 per cent, of wood naphtha. (For a descrip- 
tion of these two kinds of *' naphtha,” see later on in this section). 

The plain spirit used for methylating purjinscs must not he of 
lower strength than 50 over ]>r(M)f No higher limit of strength is 
laid down hy the regulations Insti'nd of plain spirit, colonial rum 
of strength as low as 20 over prorif may be used, but in practice 
rum is now never methylatid. Usually the strength of the sfiirit 
employed for methylating is moro than 00 o p. No duty is jiaiil on 
Hntirih spirits used foi making inetlix luted spirit ; and foreign and 
colonial spiiits so iihcd are exempt from the ordinary spirit duty, 
but pay n small Customs “ surtax ” of a few jh'ucc jst gallon The 
idea of this .surtax is to eomiRmsatc for the extra co.st of alcohol 
mnmifactiire in this country due to excisi' rcstiictions 

Methylated spirit innv only be made by di.stillei.s, rei'tiliers. nr 
iiceivsed iiielhxliitors It is. in fsu‘t, chiefly iiiiide by methylators 

Spirits for nu'tbyktion come from (Histoms or Kxiisi* dutx-frei* 
xxnreboiiscH accompniiied by ollieiul imtiiiiIs, iiiid are received by 
ivveiiue otlieers who examine and eheik the sliengih ami quantity, 
and sen the sjiirits run into the mixing xuts To the sjiirit in each 
val is then uddeil one-nmth of its bulk of ujiproved woo<l naplitlin 
The contents of the vat haxe to be thoroughly mixed, the total 
(|Uimlity and strength again ineaMinsI, and tho liquid then fiiith(>i 
mixed with three eighths of one ikt cent of aiiproxisl imneral 
naphtha The vat and its eontents are then hiiiuled oxer to the 
methylaUir for disposal in aveordanec with prescribed regulations. 
Not less than fliM) gallons of metliylated spirit must be inadi* at each 
mixing. 

Mineralised metliylated sjnrit is the kind xvliieh is ordinarily 
retailed fur hurning. domestic, and general purjioses It may not 
be purilied, and it is subject to the general restriction laid down in 
tho Spirits Act, IHSfl, s 130— namely, it may not be employcfl in 
making any article I'a^iable of use ns a licverage, or internally a.s a 
UKHlieine Any quantity up to 6 gallons may bo sold by retail at 
one time, but the sculler must be duly lieenseil fur the sale of methyl- 
uUxl spirit. 

Tins iiiiueralisixl spirit isvcryuseful for a large number of purposes, 
but it bos one marked drawliaek li bceomrs turbid on dilution 
with water by reason of tlie mineral naplitba bfong throw'n out of 

' SiuLv June nils, tlH> mineralised spin! hiu altni born onloureci with luothyl 
violfit 
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buliitiuii TIim iiKiiHTly iiUorforra ixrHMidntillv with !(« riii|)lnv- 
iiiont u Hpirit Ih minimi 

Tli«‘ al(‘oholi(‘ hln'iiglli of iiiirn'mliMNl iiiotJiylHttil apirit is UHiiiilly 
i'iIImt alNuit 01 iixor pniof, or alxHit 04'* omt jirintf 'I'lu* ^riuTal 
riiiiKc may l>(‘ laKi'ii ah fmiii (iO ' to lil o p , (Ai'cplioiinlly, 

^<pl^t^< as low 4U< oK oi tih tiN 00' o p max be met xxHli 'r.ikiiifj 
till' .ixm^r htmi^'fli UN 02 op, (In gi'iienil composilioii of the 
apint iiLiiy la* (‘xprcMii'il aa follow k • 

Mineralised methylated spirit at 62 over proof. 


Ti'i mil 

by vikliifiM' 

Klhx'l tib'oliiil k3 05 

Mrlliyl 7 7:i 

K<'toiM>- nil4 iiIiiIhI aMMrIiiiit I OJ 

KiIi'in „ iiii'lhji III 0 i:i 

I’llHHtUllltl li (n||||l<lUIHl4. IthUlIxl Nb'lllli'l 0 OS 

ItiisK I flln|MlUllll^, Ilf. |i>ii(liiM' 0 0'.! 

Mini ml iiniililliii 0 MK 

Wain Alii 


lUhdl! 

Non; Till’ sum of tlio iM'|>arati* ]K'in iila^rra is giontcr lliaii 
1110, hmiusc (‘ontiadion imiuik xxIkii xxator ia mixed xxitli aleolinl 
Analysis of mineralised methylated spirits. - Thia onliiianl^ reHoIvcs 
Itself into a (leterminatioii of the aleoholie atreii^dh, and the eHtinm- 
lion of the inetli>l alcohol, acetone, and iniiiend nnphtho, witli an 
I \.iininalion an to xxhether any appieciahle niiiouiit of residue is 
left oil eva|»onition ( lern.sionallx tin- piojiortioii of estera may be 
reiiuireil A determination of the reiiiaiiiint; const it iirnts is rarely 
wanted except for special ])urpo.ses 
Alcoholic strength. This is gixen xxitli Huilieient ncfurney for 
mo'.t requirements by the hxdnmieler, or bx the speeilie graxity 
taken dim ! with the p,x knonieter. without distillation or jireiiniiiiHry 
|mrili( atmii of the sample If it is desired to remove the mineral 
iiaphtlia, top'tiier with the bulk of the acetone and liie smaller 
impurities, the diliiterl sample is satuiiitcHl with common sail, 
extraetcKl with iH'troicuiii ether. And distillcsl as dinsU'd on |). 170 
(Tliorpe And riolmes's method^ 

Methyl alcohol, - This is conveniently determined bj the* incxlifiea- 
tion of Deiiig^R’s method dcHcrilMHl on p 183 The sample, purified 
if necessary, is diluted with xxoter until it eontains 10 jM-r cent, of 
total Alcohols by volume, and then further diluted twenty-fold 
with ethyl alcohol of 10 per cent strength. Five; e.c of this diluted 
liquid arc then oxidised with potassium permanganate as desc'riiied 
(loc. ciL), employing standards for comparison which contain from 
0 0015 to 0-002 gram of methyl alcohol. 
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Example, sp nt Srimplr 0H24] 02 H |nt (l ilt of total 

aholiol (f/) Ten vv diliili'd to 02 K re with uatiT pi\c 10 
('(‘lit of total alcoliol (A) Kivo c c of tins ucrc n(‘\t diluted to 
100 ee with eth\l aliohol of 10 iM*r cent, strength (c) Five r.r 
of the solution obtained in (6) iven* oxidk'd aa dim ted, and the 
eoloiiT produc'd was (‘(pint to that ^iven b\ a Htaiulard of 
0(Hil7 ^rnin of methyl alcohol Then 


0(NI17 


100 


100 


02 8 
10 


I 

0 70r>4 
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of iiieth>l 


iileohol l\\ volume 

AllernatueK. Thor|M' and llolmea's methiHl of estmintm^ the 
iiudliyl aleoliol I)\ ovidalioii to e.irhon dioxide max be emploxed . 
see (’hap VI 

Acetone. -This is determined b\ Mes'^mi'er's methiHl .is rlesnihed 
under " Woral iiaphtlia " (ji 807). .1 ee of the sam|ile beiim used 
instead ol 0 and the ( aleulfitioii iiiodilied aeeoldm^lx A ‘ blank “ 
exp-nmeiit. is tarried out at (In* same tune on pint' aleoliol of tin' 
same streiivtli, and the rt'sidt di'dueted fiom that ifixeii bx the 
sample. 

Mineral naphtha. • Fixe e e of the S]urit are diluted to oO e e xx ith 
xxater in a ^lass eylmder of about 3 tin mt(‘rnal diameter, and the 
opaleseenee prodiieed is eonipami xxith that pxeii bx a standard 
rnixtun' under (In' oanie (smditioiis 'Die standaid should be ot 
appioximateix tin' same ideoholie stienuth as the sample, and is 
composed of plain spirit and xxoihI naphtha in the piopoition of 
0 xoliimes to I, (o^rether xxith kiioxxn (piantilies of mineral na|ihthn 
TIu' proportion of the min nal naphtha is xarusl until the opaleseenee 
prodiiei'd on dilution matehi's (lint of the s.impli‘ under examination 

Esters. Tiii ee of the spirit are eaiefiill;^ neutralised xxith 
deeinomial soda solution after addition of txxo dro])H of pheiiol- 
phthalein indieator, then a further (|nuiititx of 2(t ee of the soda 
solution is added, and the mixture heated for tvxo hours in a silxer 
pn'ssiin' tlask on the steam-bath or, alternatixelx, boiled in a 
jjlnss ilask under a ri'tlux eoiideiwer The excess of alkali is then 
titrated xxith deeinormal sulphuric acid ‘'blank’' e\]MTinient 
is made xxith 10 ee of xxater under the same conditions Each 
cubic eentinu’tre of .V lO-scKla usihI up in hydrolysing the (*Hter8 in 
the SB injile represents 0 0074 gram of esters, calculated as methyl 
acutate 

Unsaturated compounds. -Tlu.s determination is carried out in 
the same xxiiy ns the broiiiine decolorisntion test for xx'ood naphtha 
(p, 30.'i) Instead of .*>0 ec of the standard hroniide-hromato 
solution, lioxvexer, oiil} 5 e e. are emplo}x‘d, and 1 c.c. of acid instead 
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of IR c r This (iiiaiitity of tlir stuiulanl M>hitioii is rquivnlont to 
(1 0.) urain of hromim*. or t<» 0 O-’lio (' r i»f nnsiitiirnfod rnm]tniin(lN 
ralculatrd an allvl aloolinl 


(2) IXDrSTKlAL MKTIIYLATI*:i) SPIRIT 

'I'his IS a iiiivtun* of 10 voIuiiuhi of ‘ plain ” spin! with I \oIiinic 
of wood naphtha It dilTcM, thon'fon^, fnini thr niiiuTalisrd " 
spirit in rontainin^ no niiiKTal naphtha, and m haMiiK only onr lialf 
thr pioportion of woinI naphtha Ti {nt mit insload of 10 por 
M'lii It is (he \.u'i<‘1\ i>f diitv fnr alrohol chiollx iisod in inanii 
lartiiirs Siiih' i( is iniioli piirn than tho iiiiniTtilisofl spiiit, it is 
siihjci'tod to ( lo'.or snporx ision as a i lifs k iiiion possihlr inalpractiros 
It IS not fdlowod Im* suld ii\ ndailiTs . it l an taiK hr ohiainrd 
lioiii iiiHhvLilois and in ipi.iiitita's (if nol Ii‘ss than o pdlons al 
a tiiiu* iMirthor. tlu- iisor must he s|M‘ciHcalK aiithorisisl, hx the 
CoinmissioiHih ot riislonis and Kxcim*. to nu'ixi* tho apiril for 
diilx' iipproxod |iiii|jos(>s and In* (‘<iiinol obtain it oxirpt upon tho 
production of the oOii lal rniiiiMtion, ' which is not praiitod until 
till* iuithoritx li.is been diilx' issued cnijiowcrinfl the jirospeetive 
User to i(‘eeixe tlie spirit The chief icstnetion u|Min Iht^ pur|K)HeH 
t'l which the iiidiislnal methvlatisl s])iiit max Ih‘ put ih that it 
mix not be used m hex cranes, or |H'rliiiiies or in iiiediemeH to be 
taloMi inleiiiallx It is allowid to lie used liowexer, aa a solvent 
III prepaiuin lueda inal extrails fiom enuh diun-. prox'ided all (he 
spirit IS afterwaids expelled from the extracts It is emplo,xed 
also t(»r extractmn and (rxstalbsinn alkaloids and other solid 
medicinal .substances, as well as for the production of ether, eliloro- 
foriii. (Iiloral. and ethxl bromide, chloride, and iodide, in xxhieh 
the alcohol has iiiideinoiie a inoleeiilar transformation, and no 
longer remains as alciihol in the tinished pnabiel Kimilarly, 
industrial niethxlated spirit may be iiwd (under authority) in the 
ehemieal operations iiixolx’cd in making Hxnthetie |)erfiiinea, but 
max not be ]irehent ns such in iM-rfumed Hpirils Kwnvery of the 
inethxinted spirit hy distillation fnun extractfl, marca, etc, is 
generally ]H*rmittod, proxidwl the spirit ia not ])Uiircd in the. 
prm*pss IVually the reeovensl aleolifil is required In bo used again 
for the same purpose aa it xx’na originally employed for. 

Mt'dieaments intended for external use, aucli as soap liiianient 
and alflo certain hair lotions, may legally be made, under authority, 
with induslrial methylated spirit, provided always that tliey are 
not capable of internal use, or of employment as iierfuincs. 
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The averHj;o cnnipoHitinn of iiuliiHtrial inetliylated H])irit, taking 
the Ntreiigth oa fi2'’ over pnmf, may \)0 expreascrl as follows ■— 

Industrial methylated spirit at 62° o.p. 




T’nr f fill 
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liV volninf 

KtlivI hIi'oIiuI 

„ 


■ K7 \)‘2 


.. SKT 

Ketriiii'M, chIi iiIntiHl hm ai'i'toiin 


0 .'ll 

KhItih, iiiotliyl ncotale 


0 (Ni 

lIiiMiturateil ciiiiiiifiiiiKls ralnilated as 

allyl lll(■nlll)l 

0 04 

IlsNir 

pyridiiio 

0 0] 

Waler 

0 21- 

101 10 


At a strength of OP op the proportion of (>th\l aleohol is 
HT Ilo per rent , ami at tW" o.p it is HO’Ofi ]K*r cent 

Analysis. The analysis of industrial methylated spirit is (‘nrned 
out ill the way nln*ady deserilK'd for the mineralised viiri(‘t\-- 
omittiiig, of eoursi', the ])RrtH relating to mineral na|)htha In 
estimating the methyl aleohol liy Deniges's pnxesH, after diluting 
the spirit uith water to 111 |M‘r I'ent iileoholu* strength, it uill only 
he neeessary to dilute further /ea-fold with 10 per eent et Ini aleohol, 
siiiee the pro|M)rtiou of meth\l aleohol is only oiH'-hiilf of that in 
the ininernlised spirit, 

In order to obtain authority for therei-eipt of industrial methyl- 
ated Hpirit to he useil in nmiiiifucturt's, applieation should m the 
first instanee he mad<* to the local Surveyor of (’ustoins and Kxeise, 
who will supply a form of apfiliention and give the applicant all 
necessary preliniiniirv information l^ovisioii must he made for 
the proper storage of the spirit, and certain premises are ineligible- - 
rg., tliosi' on which spirituous liquors an* distilled, or sold for 
eoiiHiimption on the pn'inises Where the quantity of indu.*>triHl 
spirit required is more than 5t) gallons a vear, a bond for the proper 
use of the spirit mu.st usundv he given This inav be iloiie either 
with personal sureties or through an appnived guarantee soeietv. 
When^ a still is kept, and in other special casi's, bond may he 
required for smaller quantities than 50 gallons Authority to 
receive the spirit is sent from headquarters after the Surveyor has 
forwardiHl the completed form of applieation and his reiHirt upon 
it When the authority has been granted, the recipient is supplied 
with a hook of " re(iuisitions ” enabling him to obtain the spirit 
from a iiiethylator ; no industnal inethvlated spirit is obtainable 
without an official requisition. Occasional insiKi-tioiis of the 
premises arc made, to ascertain that the spirit is not binng used in 
contravention of the authorisation ; but on the whole the rcgula- 
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tioiu are luit unduly irkHunio On the «inlrary, iimiiiifn('turon)i 
tPRtify that they work quite RUioothly and easily 
N(»tk —As a temporary war ineasure. in order t«» eoiiMTxe the 
Hupplies of wood-naphtha, the eoin|MMitii>ii of niethyliitni spirit 
WHS modified in June, l!HH T«o kinds of “ ind list rial *’ methxl- 
ated spirit uere issunl 


(]) “Ordinary,** composed of. 


Wood naphtha 

2 U piT Cl'lll . 

MiniTal „ 

0 .1 „ 

Spirits 

. 97 r> 


lOUO 

(2) “ Special,'* composed of . - 


Wood iiaphtliii 

U pi'i i'i‘iit 

Spirits 

• 97 0 


100 0 

The composition of “mineralised *' 

iiiethx luted spirit was altered 

by reducing the projiortion of wimnI 

iiAphthn from 10 ]K*r eenl lo 

5 per i-ent , slightly increasing the {MTeentagc of ininorul naphtlia, 
and eoloiiring th(‘ mixture with ineth>l xMulel The ]>rodm;t was 

thus eoiiqiosed of -■ 


Wood ii(i]ih(lia 

0 piT Cl‘lll 

Spirits 

(15 U 


UHI 0 

toj'ether with an addition of 0 5 per rent of iiiiiierHl im])]ilhii , and 
to each KN) gallons of the jinxluet, t)025 of an ounce of the aniline 
dye, methyl violet Kxcept as regards the colouring inatler, 
these moditieations were withdrawn in January, ItlUl. 


(3) SI*KriALhV-I)KNATn<KI) ALCOHOL 

Section H of the Finance Act, I1NI2. which forms the legal authority 
for allowing in certain cases dcnature<l alcohol other than methyl- 
ated spirit to be used free of duty, runs as follows 
“ (1) — Where, in the ease of any art or manufacture carried on 
by any person in which the use of sjurits is required, it shall be 
proved to the satisfaction of the CommissionerH of Inland Ileveniio* 
that the use of methylaUtl spirits is unsuitable or detrimental, 
they may, if they think fit, authorise that {lerson to receive spirits 
without payment of duty for use in the art or manufacturi' Ujxm 
giving security to their satisfaction that he will use the spirits in 

* Now tho Coimnimonon of Ciutoim and RxenOi 
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tli(‘ art or tnaiiiifacturi*, and for no ntlicr pwr|iosc, and the spirits 
NO im(‘d sliall Ito (‘xciiipt from diit\ 

‘ ( 2 ) The tiiitliiirit\ shall only he Krmitrd subject to a coni- 
pliiiiicc \iith such regulations as the Commissioners may n^quire 
the applicant to observe for the sc'ciinty of the revenue, and upon 
condition that he will, to the satisfaition of the Commissioners if 
so reijiiiriHl by them, render the spints impotable before and during 
use " 

It will be seen that the Comniissioneis of Customs and Kxeise 
have absolute discretion in the matter of saiietioriing the use of 
this \ariet\ of iileoliol A condition Hint (fiut non is that meth\l 
iited spirit must In‘ '* iiiisiiitahle or fletrimental for the particular 
purpose to wliieli it is proposed to put the aleoliol (If (ouis(>, the 
CommiMsKuieis mu.Ht tiieniseKes he the judges of wliat constitutes 
iiiisuitahihtv III the simse of the enactment That, it must lie a 
hona Jiilc uiisuitabihtv need seaieelv Im* said It has to he home 
in mind that for the grt'at majoritv of iis«>s to wliieh iiiduslii.il 
alcohol IS put, the meth\l ahohol iii methvlated spirit is just as 
servieeable as the elh\l alcohol , and that altliough industrial 
methvhiti'd spirit, tor mstiinee, is denatured with r> per leiit of 
"wood naphtha," vet four-lifths of this is m(‘th,vl alcohol In 
fact, ns a glance at its composition (p 2 !H») will show, the siihstnnees 
other than alcohols and water in iiidiistiial inellivlatisl spmt are 
verv siiinll in aiiiouiit. totalling to about (Mi pei cent onl\ Himee 
there air. relativel.v. ii<»t a gn*at niariv nmniifac tilling leipiiiemeiita 
lor which (his foim of industrial ideohol is m anv substantial seiisi' 
detrimental 

Some such ie«iuiiements, however, theie are In these cases, 
nirnngements are made for applicants to receive alcohol under 
bond, to he deiiatunsl at. the place of iisf* with some sjieciiil 
deiinturant suitable to the mainifaeture in question The de- 
iiiiturant may have no particular ndatmn to the inaniiFacture, but 
iiiuy be chosen simply to rimder the alcohol unpotable during iisi' 
for example, bone nil m the making of fulminates On the other 
hand the deiiaturaiit moy be, and often is, some siihstonee wliieh 
IS employed in the inanufaetiin' itsidf, siieh as aniline in the prejiaru- 
tion of iiniliiin dyestuffs 

Thus then* w eonsidernble latitude jHwsible in the ehoiie of 
deuaturnnta to suit speeiul eircumstanees In faet, one of the 
eonchisious of the Industrial Aleoliol ('01111111111*0^ is that "Where 
spirit ia usi'd for industrial puriKNft* 8 , the P'lnanee Act of 1002 
prov ides adeipiate and eiitin‘lv satisfaetory machinery for scenring 
■ * licfiurt, p y 
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llial l)i(‘ ^plrll nia\ lie in n ciuKlitKiii lli.it is siiitniili' ami 
Hppropiiatr to I'iich partirulnr purpose itf in.unifac lure Tlic 
inaeliinery is elastic much ninn> so than i" the eoirespomlin^ 
iiuiehiner\ iii CjeriiiRn,\ and it pennils of eu‘r> nnsonal)l(‘ proiesN 
of ileiiatunn^, or e\eii in tlie la^t resort, of the use of spiiit ni a 
pure state For more than this it uoiihl he iniposmlile to ask " 
Ben/ene, aniline, hone oil till pent me, ]M‘troleuin ethei. ami 
pxriilim* are aiming the most freijiii‘iill\ used di'iiatiirants othiT 
than Mood na])htha 

The f^eneral firmeiples u|Min uhuli the authorities adiuinisler 
the imfiortaiit eii.ietment in ipiestion are explained m a miniiti' 
issued h\ the Boaid of Inland lie\eini(‘ in .liiK, J!Nt2. and fpioted 
111 an appendix to tin* esnienit* i'i\i‘n heioie the Indnstiial Aleohnl 
('ommillis* \flei ^i\inu the ti'iins of the \(l, the niinnie (s|i^)i1l\ 
iihiidued In'i'e) |iio(eeds 

It IS III the liist pLne (o he ohser\ed lliat the privihp' of using 
spiiit dnt,\ free, as eoiiti'inplatfsl h\ tin' seitioii, is to he a ])eisn]ial 
privihjre. I'litailiiifr personal ohlitnitioiis on the ])erNon ei persons 
to whom It IS granted It follows from this that there ean he no 
(jiieslion <if the Boards ^rantin^ am pmeial authorit\ under the 
section to < hisses of peisons, hut that each person or hod\ of fieisoiiK 
who desiies to ohl.iiii the hi'iielit of the set lion must make separate 
>ip|i!i( ation to the Boaid who will cstiisahi all the < in imistaiiees of 
each 'i-paiate !i)ipliealion. and foim tinii jiidpnenl upon them 
’ .\t the same time it ma\ he possible to indieate lertain 
classes (if <ji.ses to whnh the heiielit of the seetion (oiild not, in 
am eiKiimstam es, he eoiueded 

Before the use of ilulv fii'c spirit iiin he anthoiised, (wo main 
conditions must he fiiltillerl, 

(a) It niiist he pro\ed, t*» (he satishntion of the t'lnnimssioiirrs. 
that the use of inethvlateil spirit is iiiisiiilahle or detinneiilal for 
(he ]rartieiilar pur|)ose , and 

“ (h) The seeurit\ of the rexeniir must he giiaraiileed hy sueh 
means as the ('ninmissiomTs ma> nspiire 

'These eomlitmns are eumiihitiie, not alternalive I'lilesK 
both ean he fulfilled, there r-an he no i|iie.stion of a grunt of the 
authority eoiitemplatisl Irv the section In eeer\ ease, therefore, it 
will be necessary to senitinise the objeetiona that iiiaj be alleged 
to the usi‘ of methylated spirit, and it Ib onlv after the validity of 
such objections has been admitted that it will be necessaiy to 
proceed to consider whether, or by what ineanH. the seeiirit) of 
the revenue ean lie guaranUHnl 

It was explic itly statetl in the House of (Joinniona . . . that 
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(ho (•oiniiiiMHiiiiiiTH hIiouM oxoroim* tlio iliHcrotion confeiTrrl upon 
(honi with great caution and uith a vtTv atrirt regard to the M'eurity 
of tlie n^veniie ; and the Board themM‘lv('H feel that no other attitude 
uoiild ho [)OHftil)le for them. 

"Tliey intend, thereforu, to inaiat on a atriet ohser\aiii‘e of (he 
preHcrilxHl i‘ondition.s m every eaw* in uhicli (hey ina_\ piant air 
authority under tho furtion, and the\ will not hesitate to reject any 
afiplieation in n*H|)eet of whieh it apjMMrH to them that the eondi- 
tioiLs arc not, or cannot be, adt'quately eoinplh'd uith 
“ Further, as the duty on spirit w so heavy, they consider that 
they ninv projaTly recjiiire. that the advantapi* to be obtained by 
tho use of duty-free spirit shouM be substantial, and that the 
benefit of (he seetion should not he aceordi^d in (‘ases of tniial 
iiiiportanee or in the purely personal iiiten'sts of iiidiMdiials 

fn aei'ordanee uith these prineiphv, the Board will refuse to 
entertain ii|ipliratinnH , (n) When* the iisi* of inethvliited spirit is 
attended liv only slipht and iiiiiimtiTud disadvantape , (fd Where 
the seeiirity of the revenue eannot he giiarantis'd uitli reasoiinble 
certainty, and at rt‘Rsonahle cost of I'onvi'iiienee to the department. 

“ It is manifest that then* must he man;i (‘nses in uhieh (he 
protection of the revenue uoiild he impos^ihh*. if the list* of duty- 
free spirit tt<*re permittiKl, and of these then* may he mentioiiod 
the following - 

“ (i) The manufacture of artieles intended foi human lonsunip- 
tion, such as medicines, tinctures, and esM'nces 
“ (ii) The inanufRcture of articU's not intended for Imman eon- 
sumption, but cajiable of being so used, if made uith pun* .sjarit 
or with spirit only teiiifNaarily n'nden-d niipotahle, such a.s perfumes 
or spirituous mixtures for piir|)Oses of illumination or of geneiation 
of heat or motive jrower 

“As n'ganls eases to uliich the benefits of the section nwi} be 
i*\ten<iiMt, the Bmird may say gt'iierally that they will he dis|M)Hi*d 
to ent<*rtain favourably applications 
“ (1) From recognised liodie.*) formed for the advancement of 
seiem'e, or of sc'iciitific education, and anjuiring the use of pure 
spirit 111 proe(*8S08 of n*8earch or of illustration. . . . 

** (2) From {H'rsons engaged in an industrial enterprise of such 
magnitude and inijiortance as to give it a character of public 
intei'ost in its bearing ujion national trade. In uii> such case the 
eonci*ssion will coininoiily be made* subject. to an obligation to 
render the spirit unpotable before and during um*. hy such means 
as may be found to be most appropriate to the particular circum- 
stances of tho luanufuctua'." 
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In acconknce with these principles, a considerable quantity of 
tpecially-denatured sjurit (aljout three-quarters of a million proof 
gaUons in the year 1913-14) is authorised for use in cortaiii manu- 
factures. Explosives, dyMtuffs. ctdluloid products, and various 
fine chemicals arc the chief substam*es for the making of which 
this form of duty-free alcohol is requirtnl Persons wishing to 
obtain authority to receive Nupplic.s should in the first instance 
refer to the local Surveyor of Customs and Excise, who i\ill give 
any information that may be iieccssary. 

Mcth\l ah-ohol, if of suflirient puntv to Is* clnsswl as “ potable," 
is liable to duty at the sanie rate a.s eth\l aleohol, though it i.s 
exempted from the " surtax " on im)M>rtation l*n‘\ lousl;^ to 
tJuK. nils, it was ullowt'd for use free of diit\ under Sirtion S 
of the Kmanei' Act, 1902, on .Miiiilar lines to those adoptixl for 
eth\l alcohol, e\<'(‘pt that, in aeeoixianei* uith a rerommendalion 
of the liidiistnal Aleohol ('oinmitt«H‘ it was treatixl moix* leniently 
in the matter of dciiaturmg 

Siiue the date mentioned, the use of methyl aleohol has been 
made -.till more fnr to mamit.ictimiN It is now allowed with 
fewer re^t net ions, and m gciierat without denaturing, for making 
liii(‘ eliemieals, under n‘giilations similai in the muni to those 
go\criiiJig the receipt and use* of industrial metlivlated spirit The 
piifposcs lor which it is rc(|iiiied must he diil\ speiiticd to, and 
approved by. the Commishioiiers of Customs and Exeise Eor use 
ill beverages or .spirituous pcriiiiiies tlie receipt of methyl aleohol 
is. ot isMiise, not allowed . and the authorities niiisl he Htitislied 
that mdiistnal methvlated spiiit ih iiiisiiitalile or detrimental foi 
th(‘ purposes in riuestion 


(4) AU’OHOL X<»T DEXATL'KEI) 

Although, as abeadv remaikeil, the law in this eountry pemUs 
the use cveu of pure alcohol duty-fn>c for industrial piir])OHcs, yet 
in practice siuh use in very 11111111 x 1 , ho far ns ethyl alcohol m con- 
ccmerl. Tlu' fact ih that the iiiaiiufacluniig o]xnalionh nxjuiriiig 
ethyl alcohol arc practically non-existent in which either a neutral 
Hubstance such as laiizcne. acetone, orjietrolciim cannot cmi)lu}cd 
as a deiiatunint, or else some ingrixlicnt, reagent, or product of the 
manufacture itself utilised to render the alcohol at least temporarily 
unpotable Hence so far as manufactures are vonceinixl the pro- 
vision is almost iiio]N'rative in nxipeet of ethyl alcohol, tliougli a 
considerable quantity of luethyl ulooboi is used in a pure state free 
of duty. 
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Thr uiithontu'H, liuu(‘\(>r, iiitcrpii't “arts" in the stiituto as 
iiicUulinK tonchiiif' and scu'iitiflc rcsnirch cariied out at jmblic 
institiitiniH, and for IIiom* [luqsisc's alcohol is allowed to he used 
duty free without denatiiririjc A siihstantial (|uaiitity of ]ii]re 
aleohol (ethyl and iiietlul) is jssiied under this proMsion to uni- 
versitiea, colleges, and other (sliieational iiihtilutions, the niimher 
of pHMtf Kallons duniif; the >enr llHIl 14 for instance, heing 7,849 
It mil} he mentioned that iiiueh misr oiu ept ion has existed 
res|K‘etinK the pri\ ilexes which (lermaii miinufaetiirers have enjo\ed 
with ivi^ard to the use of pine alcohol fn‘e of dut\ This jioiiit 
was specially in(|Uired into hy a siili-eoniiiiittee for the inforniatioii 
of the Dcfiarl mental (*oniinittee on Industrial Aleoliol, and the} 
slate em))hatieallv that, with the exception of 4•\]llos|\es. “no 
article can he inamifaetiired in (iermany with diitv tree spiiit, 
unless it he siihjected lM>fore use to some preuess nf denatiinn^r " 
\s 111 this country, ah'ohol iiiii\ in (i(‘rman\ he used in a pure, 
uiideiiatiired state in public seieiititie institutions It mav also 
he used in (iiihlic hospitiUs, and tor making; smokeless powder, 
fuses, and fiiiminiiti's “ For all other tmrposes, without e\iep- 
tion, duty paid s|)irit must he used, aa/isv the spint he suhje(t«>d 
to sum' (ttithunitui iinsTss ot denatuiin^r jaioi to use" 

IVkssihl} the niis<'on<‘eption alluded to aiose fiom tlu' hut that 
at. one time atMitlieeaiies, doctors, and otheis W(>n‘ allowed to ilse 
pun* aleohol dut} lree in the prejMnition of some I'l^dit} timtures, 
.s|arits, and iKpiors made aceortliii)! to the lormuhe ot tlu' (ierman 
phariiiaeopu'ia and other aiithoriseil tormiihe, and also for com- 
pounding doctors' iirescriptioiis Ahus<>s. howe\er, iiept in and 
(he prnile^e was willidrawii in MNt2 ' All medicines h.i\e now 
to he prepansl with duty-paid spoil " 

Immature spirits. The ' immature Spmts (Itestric- 
tion) Act. lido," pro\tdes that no Mritish or Foreign spirits shall 
he (h'livt'i'ed for home coiihii nipt ion unh'ss the\ ha\e hisai ware- 
hous4Hl for a pi'i'iod ot at least (hnv }ears 
This n'strietion on delivery, liowi'xer, is not to ajipK to spirits 
deliieri'd hir duty-/rfc puiposi-s, nor ti» mixtures, compounds, etc , 
pri'pared with diity^Mu/ spint. 

SuhjiH't to jNiyinent of duty, if imi»osed, the following? sjiints 
an* also exi'iiipti'il from the restiietioii — 

(i) Spirits deliven*d to rectifiers, niaiuifaetiirin}^ eheiiiHt**, )ierfunie- 
iiiakers, or iither diily-lieeiised jjcrsons. 

(li) Spirits fur seientilie puqKweH. 

(lii) IiiitKirted deneva, iierfuiued spmts, and fort'ign liqueurs 
Nothing in the section thus suminanscd is to interfere with the 



Vfll 


INDrSTRFAI. AliOOHOL 


sal 


siippl\ (if r(H‘tih(‘(l spirits (if uiik' fur ninkiii>{ iiuiliciiK's Id iniHlical 
practitidiicn, Imspituls, anil jH^rsoiiii (‘iititli'd in ranx nii tin* busiiu'hH 
cif a clirmist and (Inigpist 

Additional duties an- iiiqHiscd hv the Kinamc Act. liUri. on 
Immature S)>irit.s which havi* imt hin-n warchoiiM-d. oi have lu*t'n 
wan-liouNcd than two years Uul this additional di]t> is not 
to Ih- charged on imported inixtim-a which art- n-cojrnised liv the 
Cummissiom-rs of (‘iistoins and Kveisi- as hein^j u*rti fur mrdiral 
purptws , and irpuipHnit of the additional duty is to he allowed 
on spirits 1(1 which the n-stnction on (Ieli\er\ d(K*s not apply, if 
.such spirits lin\e Ihs-ii used for Mieiitifie pur|M>M‘s oi foi mnkiiiK 
articles i(‘(o^niscd h\ tin- ('omniissioiu is as irtii-h-s nsi'd for mi-dical 
pill poses 

//lOcn-Md duties were ini}Ni.sed on .spnits hx tlie Kiiiiiiiie Act, 
l!HS the t'\i ISC lexx Im iii^» laised to .‘IOa ja-r proof gallon, or douhle 
the piexioiis tav Hut the aitah-s iiidieiitiHi m the pn-ci-diiit; 
paragraph arc icliexcd from this ih< lease as wi-ll as Imin tlie 
" additiiauil ' dutx meiitioiusl 

The cITect of these enactments is that ahohol used tor siieli 
piiifioses as inakiiiti perfiinies nisd not In kept in wan-lioiise. hut 
if not so kept for the statiitoix peiiod it must pax the additional 
dutx as well as tlie iull tax wliere.is aholiol used m making 
“ leMijriiised " iiieduines (or for Mientilie jiurposes) is nOu^xed from 
the .nldilional duty and ]aixs oiilx one half the full tax This 
rebate on immature spirit then-fore lowirs the eo,st of pnidiieiiif; 
spirituous iiu-dieines, and is an im|s)rlant iniittei to mamifaetiiiiiiK 
ihemists 

('ertuiii artn h-s such as tim tun- of oiaiij'e and H|iiiit of peppeimint 
are not admitted to rebate, altli(ii]f;li freijueiitlx iimsI m niedieine 
The reason is that thex are] also lai^i-lx used as ])erfume.s or 
flavoiirings. and il is impruetieuiile to dist]iigiii.sh the (piantities 
emplou'd in incdu-ine from tlios( used foi other piirpoM-a. 

The following statistios resix-eting the um- of indiistnal ahohol 
in the I'liited Kingdom may be of interest They are taken fmiii 
tlio annual rejiort of the <‘oiiimi8.sionerB of Customs and K.xeise 
for the year lt)l.'5 

(1) Quantity of methylated spirits sent into eunsii nipt ion bx the 
makers in the year 1913-14. 

Industrial inethylaUHl spirit — 3,2.')3,(Mil bulk gallons, 
Mineralised „ „ -- 1,754,614 „ 

(2) Spirita alJowred to be reeeix'ed in a pure state fur iim* under 
the proTlsioiis of the Finance Act, 1902. Year 1913-14. 



For uM) in Arts and Manufactures — — 783,379 proof gallons, 

„ Hcicntiric use (Univenities, etc.) ' — 7,H49 „ 

Wood naphtha (" Wood &pir%l '*) - This is crude methyl 
alcohol, rontaiiiiiig a-ater and various impuritiPH, chiefly acetone 
and methyl acetate, but often including also small quantities of 
higher ketones, allyl alcohol, pyridine, amines, and other bases. 
It is produced by the distillation of aood, os described under 
“ Methyl alcohol ” 

\’arious ([ualitu's of w(hk 1 naphtha art* made, the degree of purity 
depending ii|Mm the purposes for which the naphtha is n^quired. 
For exam|)le, in the making of formaldehyde, and also in the colour 
industry, it is iiii|M)rtant to have the methyl alcohol as free as 
pnicticahle from acetone , whereas a eonsidcrablc pru|x>rtion of 
acetone is admissible, and even advantageous, m wood naphtha 
iisimI as a solvent for resins in making varnishes, polishes, and 
lacquers. 

Will'll employed ns a denaturnnt of ethyl alcohol, \irK)il H])irit 
may contain a substantial pro|)ortion of oi'ctonc —varying, Jiouevcr, 
with the diffcn'nt s|H'ciHeatious adopted hy different countries, 
'rhiiM in (iroat Hiitaiii the inaximuiii is 12 grams per llK) <• c , whilst 
ill France 25 ]ier eoiit must bo pnnent A giKul deal of importance 
iitUclies also to thi* all,\l aliHihol, luid some to the |)yndinc bases, 
when the naphtha is leqiiired for deiuitiiring piirjH)ses, siiu‘e these 
eompoiiiulH, though pii'st'iit in very small amount, help largely to 
make the naphtha iiiiusi'ous 

111 the I'niled Kingdom the wiMid naphtha employed us a 
deiiutiirant should conform to the following stipulations ; — 

(«) Not mori' than 30 cc of the naphtha should U' required to 
decolorise a solution containing 0 5 gram of bnimine 

(b) It must be neutral or only slightly alkaline to litmus, and at 
least 5 cc of dceinonnal acid sliould be rtKiiiired to neutralise 
25 e u. of the nuplitlia when methyl-orange is list'd as the indicator. 

It should contain' 

(e) Not less than 72 (X'r cent, by volume of methyl alcohol 

(i/) Nut more than 12 grams of acetone, aldehydes, and higher 
ki'loiies iier 100 c c , estimated ns “ acetone ” by the formation of 
iodoform acrurding to Messuigi'r's method. 

(p) Nut iiiort* than 3 grams of esters pi*r 100 e.c., estimated as 
methyl acetate by hydrolysis. 

The detailed description of the examination of wood naphtha in 
respect of these tests, together with some explanatory remarks, 
is given below. 
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{a) Bromine deeolorlsitlon.-''A Htamlanl bminiiiA solution ia 
by (lisbi)lving ]24<M1 graniH of ]>otAA.siiiiii bminido and 
3 4H1 graiiirt of potaHsiuin linnirntr in a liln^ of riM'ontly boilnl dia* 
tilU‘d u liter 

Fifty c e of Klandanl .solution (-■ Oo gnini of bromine) are 
placed in a flask of about 2(Nf ee ea|Mieity, luiMtig a ui‘ll groiiinl 
HtopiMT To this are aibbil III ee of dilute sulpliurie aeid (I in 4), 
and tlio wliole .shaken gently After a few nunutea Ihe Mood 
na])htha ih sIomIv run from a bun^tte into the clear bn>wii aoliition 
of bioiniiie until Die latter la completely dis'oloriMsl 
Thi.s tc'it senea ns a iiieaMin* of the allyl alcohol and other iin- 
satiirated eoinpounds The n'siill is usiially e.\pn‘.ssed in terms of 
till' \oliiiiie of naphtha n'lpimsl. shiee allyl alcohol is not, or is not 
knoll II to Im*. the onl\ uns.ituratis1 com)Miund pn‘M*nt 
(/d Methyl-orange alkalinity. TMcnti-fiie ee of the no]ilitha 
arc |il{ued in eadi of two b(‘aker.s, and titiated iiith dci iiioriiial 
and, ijoiiig ill the one case a few ibiip'* of litmus solution, and in 
the other a solution of met li> I orange, as indicator With litmus 
U'liialb tl I to 11 2 ce of dirinoniial iieid is iisjiiired to neulrulise 
the iiHplitha With luetliil oiaiige the total alkaliiiilx should he 
gnater, at least 5 or li ee of diHiriorninl and hemg recjiiinsl for 
neutralisation 

The dilTereiiee of the two ri'HulU ia the “ methyl orange ulka- 
limli ” Tt series as a measure of the pyriiline and amine bases— 
thougii of course onh an approximate eHtitnalion, siiiee then* may 
be nion- tli.in one basii- siibstanee jireseiit It may be expHsised 
ill leniis of p\ri<line fnnn the knoiibslge that 1 e e of A'/ltl-ueid - - 
OtKW e e pindiiie , but In practice w usually giieii as tlm volume 
of diM-iiiormal a<id n'quired, in the aliwnee of information as to 
Mhieh l>niH‘ is act mill) jneduininant 
(e) Estimation Of methyl alcohol.- Twenty two grams of coarsely 
powdered i<Kline and 5 e e of distilliHl water are jilueed in a small 
flask and coolwl by immenium in lee-rold wati'f. Then 5 ec of 
the wood spint (at 60 o p stnnigth) an* addisl, the fla)>k corked, 
the contents gently shaken, and alloiied to remain in the ice-cold 
bath for ten to fifteen minutes. 

When well cooled, 2 grama of red phoaphoms are added to the 
mixture of spirit and iodine in the flask, and the latU*r is immedi- 
ately attached to a reflux condenser. 

The reaction aouncommenoea, and muat be moderated by dipping 
the flask into a cold water-bath (Spirit may be lost if the reaction 
la too violent.) After about fifteen to twenty minuica, when all 
Imlion appears to have ceased, the wator-liatJt under the flaak U 
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gradually hoated to a t(‘in)K‘rRtiin‘ of about and tlu‘ Hank 
being (Hraaionnlly ahaken ia allowed to rt'inain ut this tein|M‘rature 
for fifteen to twenty minuteH The aoiiree of heat is tlien removed, 
and the ap])aratUK left for an hour till it liaa (‘OoUhI, when tiie 
eondenser ih reversed, and the meth\l nalide alowly distilleil off 
lirat at a low tein]MTntun‘, the Imtli being allowed to boil towania 



Fill !l.‘i -iuTT>K\ III msTiuiNi. APi*\imrs 
Kiiri'^liiniilliiii III iiu<ll)\l iUhiIuiHii iiiiimJ-,iiiplithi li\ (In iiii>lli\Miiilii|i' lll■llll■■l 


the end of the operation onij The end of the condi'iisi'r dips into 
water in a measuring tulH'. and the iiKlide is eolli'eted under watiT 
and ineoaured ot a tcinporaturc of lA o** 

The iiereentaga (by volume) w found from the fonnida - 


c.c.methyhodidefoundx 0 047x100 , . , , , , 

- . — : =- wreentage of ineth>l alcohol. , 

e c. wood spirit taken * 
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Or wlicn r> (• i> of Hpirit an* tak<‘n 

oc iiM'thyl i<Mli(le v 12 M - |M‘nnit«p* »f iiiHliyl alri»h(>] 

KMrrH anil arrtals also \ii‘lil iiU‘(h\l UMiult' l»\ lliia ]iniri‘Hs, niul 
from till' [M'l'rontuKc of inrthxl nlrohol rnlri]luti‘il aa ahiivi* an 
amount rqiiivalrnt to tin* |N‘nm(u^i‘ of thi'M* Kiilii«tanirs pri'srnt 
uni'll la* ii(‘(iiu‘ti‘(l Piiu-lu-allv. howi>vcr. mi‘lh\I arrtatr in thr 
onl\ coiiijioiiiul iiHiially founil 111 i|iinn(it\ Niiilii'ii'Ml iiiiiloriallv to 
affnt tin* roMilt Tin* niimlicr of fp-anis of mrllixl aii-tatr |mt 
KN) ( (* of till* spirit nmltipli<‘il li\ ('‘.'Ho p\i*s tin* iMpmaIcnl 
of mrtli>l alnilinl to lx* <lt*diict (1 from tin* total ])rrri>ntngi‘ 
\oluiin‘ calrulati*!! from tin* iin*tli>l loilidi* fouinl 
Tin* iiirthiKl, it will bi* si*<*n, (li*|N‘mlh ii]Hai tin* (‘onviision of 
mttli\l alcohol into methyl kkIkIc' h\ tin* ucIl kinnui pliosphonis 
anil loiliiu* rcaitioii 

IM’lIjOH ! I» ; Ij :«‘11J - ll/O, 

Tin* Milumi* of tin* incth\l alcohol in then ileiluceil from that of 
the iiKliiJe priHlueoil There an* some small orrora m the piia'CN'i. 
which, howner, teinl to coin|H*nNatc one another TIiim a little 
of the acetone may distil over and be lurtU dissoiM*il h\ the iiiethsi 
iodide, but on the othei hand traees of the imlide are dissolved bv 
the water, and traces of va|Najr of iiiethvl iodide^n*inaiii in the 
Hash , the effei ts of tin's!* diHluibing iiiilueiiees upon the volume of 
the hMlide tend in opjiosite diriH'tioiiH, and the net result is Hiiiall 
The degree of aciurai^ with whieh tin* vohiiiie of nn-thU iodide 
can be measured in an oniinar^ meuNiiring tube is of mon* impor- 
tance Though not veiy gn*at it siiiheeH for the purpoMc, and 
uUowa of the relativclv simple method deHerilNHl being used iiiHtead 
of longer and more cuniphcati.*d prcKesaea 

A shorten<*d form of the Zeisi*l pmeesa hiiH b<*en dcHcrilM d b,\ 
Hewitt and Joiiea oh applicabli* to the ileteriniiiiition of nicth}! 
aleohol in crude wiknI naphtha * 

((f) The acetone reaction.- Twenty-live ee. of normal sodium 
hydroxide solution are plai'ed in a flask Hiimlar to thorn* used iii the 
bromine test (a). To this is iuldi*d l»o ee of the naphtha The 
mixture is well shaken, and allow'ed to slatid five to ten iiiinuteN 
Into it from a burette A'/o-iodine solution- is run slowrly, dro]) by 
dnip, tlie mixture being vigorously sliaken all the tiinn till tin* 
upper portion of the solution, on standing a minute, becomes (juitc* 
clear.' A few c.c. more of the A"/5-iodme solution an* added, as 
to get concordant results an excess of at least 2 !) pf*r cent, of the 

> Tnifu. Chtm .Sec., I91», 116. lOJ 
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umUiic required iiiuHt 1 m‘ After Iwirig shaken, the mixture 

IN (illnucfl to stand for t«‘n to fiftwn minutes, and then 25 c e of 
y 1 1 -Hiilphiiric neid an* added The excess t »f 

KHline. IS thus Idji'rated, and is titrated uitli 
iV'It) smiiiim thiohidpliiite snliition and 
starch Half the numher of ce of thiosiil- 
jiliate solution iisisl are d(‘ducted from the 
total niimlier of c e of iodine solution added ; 
the dilFerenee multiplied hy fframs 

of a(‘etone |nt HMt e e of the wood naphtha 
This includes ns “ acetone " nn_\ alih*- 
htdes and higher ketones eapahle ot Meld- 
ing KMloform by this reaction 
If an excessive pro|M>rtion (»f acetone is 
pri'sent a smaller quantitv ol the naphtha 
IS taken, nr the na[ihth.i ina,\ he diliiled 
to any convenient dcgice with nietliU 
alcohol free from acetone, and llu* ii>n.d 
qiiantitv, 0 5 ee, taken the icsult, oi 
course, tM'ing correi'teil aicordinglv 
This estimation is hasi-d n()on Liclu>n's 
well-known iodoform nsietion of lU'etone, as adaiitcil tor volu- 
metric determination by Messinger * 'Hie nsiclion ma\ he formu- 
lated thus ' 

((Ml.),!! I :)l 2 -| iXaOH 

(’M,(M)ONa 1 (’Ml, \ an, 0-1 :iNul 

The method is simple and rapid, anil the 
n suits an* good They do not gi\e the pn*eist* 
quantity of acetone when the naphtha eon- 
tuins any appm-iable quantity of aldehyde 
or of the higher ketones (methyl ethyl 
ketone; methyl [iropyl Ketone, etc), ns 
these an* includisl in terms of acetone. This, 

Jiuwever, is of no practical consequence in 
the cose of wood naphtha to bo used as a 
(lenaturaut. ‘ 

(r) Esttmatlon ot esters. --tlve cc. of the pukssckk mask 
wood naphtha are run into a silver pressure iS 
riask of about 150 e e capacity, together with 
20 c V. of ri'ceutly iKiilcd distilled water and It) c c. of normal smla 
solution ; tlie flask ia then aeeurcly closeti and digested for at least 
> /ier.. 18SM, 81, 3300. 
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two lioiirH in n water-bntli at lOir Tlir coiitoiilo aro tln ii ooolnl, 
wa'.liid into a Wukor, ami titratitl wiili .Y 1 nrirl ami |»liriiol- 
plillialnn Dodurt the nninlMT of cc of acid n'i|nin'd from 10, 
ihf difTmmrc 1 4R -- Kriiiim of rslors. (alnilatnl as 
arctalo, pT 100 0 r of the naphth.i 
Or mom gmerulU - 
OraiiH inc‘th>l acetate per 
HH)rc - cc (it soda holii- 
tiofi used up m the hvdio- 
lysis 0 074 

KM) 


(' (‘ naplitha taUeio 

It till' iiii|ihtha \H not 
miiti.d to phenol|ihlhal(in. 
il nuist h(‘ ii(‘ntra1ise<l licfon* 
till’ esters are deteniimcd 
lii'ite.id of nsinp a -^dver 
pressure ttask, the IimIfoKsih 
he carried out in a liaid 
jj;Iass (task titled with n retIuK 
eondensei, and lieated on a 
water-lialli 

Boiling range of wood 
naphtha. Xo stipulations as 
rcL'iinls this am made m the 
llritish regulations, the 
naphtha hemg judged hv the 
results of the foregoing te'»ts 
Hut as a guide to makers it 
is statisl that .samples which, 
when fractionally distilhsl m 
the follow'iiig manner, give the 
msiilts lUcLcated will aa a rule 
be found to contain a auflfi- 
cient proportion of nicthyl 
alcohol, and to be free from 
an excess of acetone or 
methyl acetate. 



Fm. Sa i>int)i.i.ation ArPAitATi h. 

I •4N|lo(irt4>rmiiiliiH thr iHMliiitf rmiKP iil «ikm|. 
jiNimtlm And Tiilnriii i>il i lunm'r lUnk. /i, 
(iMlIlluit 1 iil« wiiJi iiIh>i> IwadH. 


One hundred c e. of the sample are to bo slowly heated in a small 
cc^per flask flttod with a glass fractionating column, 7 inches hi gh 
and 2 inch in diameter, filled to the extent of 4 inches of its height 
with small glass beads, provided with a thermometer placed opposite 
the exit tube about an inch above the beads, and connected with a 
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Hpirnl <i)rul(*ns(T N'dt more than 10 cc o[ rliHtillnle nhoiild lip 
(MtllfM'tod III till* n-criviT \vlii*n Iho thornioiiieirr mnrkH a toinporaiure 
of jUHt iindiT firr From HO to85rc Hhoiild pasn over lirtwoon 
fir*'’ and 72 2'* , and a total (|iiantity of 07 to OH r c ahoiild have 
dislillerl dver Ixjhin* the therinoinoter marka 100'* 

'['he average ennipoHition of wood naphtha Miibinitted as Hiiitabic 
for denaturing purposex in the Unitryl Kingdom, and examined by 
the biregoing mothoda, may be expressed br folloi^H : - 


mIi tilldl 

Krtiiiics, III Imiii (it ii(i‘iiiiii 
KhIcm, I iilciiliitiwl I1H nil iti\| iiictiitii 
I iiHiitiiiati il u(iiii|Hiiiii(l>4, lllll■lllll(l•lt us hIKI uImiIiiiI 
litl'^ll „ „ |\lllllilM' 

Water 


I'ei leiil 

ll\ lIllllllH 

77 a 
III J 

I a 
n H 
iij 
1 J ‘J ' 


10 .* 0 

* Ap|)i(iviiiiute Iieireiillixe The iaim I < liHiif{e in \iiliiiiie im eiliiiiiK 
miter IS mixed with the ntlier inaredients is not kiiouii \iith eertHiiity 


Tlie fon'going methiHlH, combined with obvious moddii'atioiiR to 
moot Rpeoial i-aseB -eg, determination of apparent aleoholie 
Rtrength with the hydrometer or pyknometer, distillation, 
evaporation for non-volatilo n^Hidiie. and so on - will servi* for the 
general analysis of wikhI spirit, whether intended foi denaturing 
purposes or for use as a solvent, ete Some further information, 
however, is added resjieeting the ollieinl rnethodfl of examination 
employed in Franee and Germany 

In Franee, ini'tliods bast'd upon the same pnneiiiles as tlie fore- 
going are employed for the determination of acetone and esters 
m wood naphtha intended for denaturing purposes But since the 
specification for acetone is more rigid than in this country -the 
proportion being roquiretl to lie betwoem 24 T) per cent and 25 5 - 
precautions are taken to eliminate errors of measurement due to 
fluctuations of teiiip<'rature This is done by keepmg the samples 
for some hours Ixdore analysis in a place maintained as nearly as 
possible at 15", and by performing a “control'' experiment, 
at the same time and under the same cfuiditions, upon a solution 
of acetone in methyl alcohol, containing 25 per cent of pure acetone. 
If the analysis of this shows, for instance, only 24 7 per cent mstead 
of the known 2i)*0 per cent , n correction of -f- 1)'3 per ctuii. is added 
to the results obtained from the samples examined at the same 
time. 

The “ total impurities ’’ of the naplitha are estimated together 
by an adaptation of (he Rose method - namely, by shaking with 
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clilorofoiin and noti]i|r tin* amount of iiurcaw in tlic \oliinu' of (ho 
rliloroforin (soo ]> 417) Twi-iity fnc c c of tin* imphtliu nrr inixod 
with liOi'i' of vator and •‘ISrr of a sidution of smliiim hiMil|)]iilo 
(sji Lo = I .'lo) conlainiiiK no fioo sul|)liiirouM acid , tliia mivtiiro 
is ])lacod with ThIcc of cldnrofonn in a suilnhlc Ho-*!* fiilic and 
treated as in the desen|»tion referred to \ “ hlaiik " e\|»ennient 
IS made at (he same time with tin* solution of acetone in meth\l 
aleiihol meiinoned above and nn\ n-hiiItin|;e(HTeelion n]>|ilied hVoin 
the '■total iiii|mnties '* as thus astertaineil (referred, of eoiirw, to 
I(K> r e of the Kiinple) ih <|e<iu<‘ted the |M*n •‘iitage ol esters, ealeulateil 
ns melh_\l acetate, the re.sult nixes the “leal imtmnties ' winch 
the Kieneh sti|uilations ie<|uiie to he not lowei than 2 o pei cent 

If neeesharx, as when the “ leal impiiiities ” cveeed fi jst cent . 
the wood spirit IS exaimned f«ir thn piesiMiee of ethO alcohol (sou 
Chap VT. p 2:11) 

In (Jermanv, llic directions for lestiiiR wikkI naphtha are an 
follow a 

(1) Colour. -Tills shall not Is* darker than (hat of a solution made 
hv dissoKiiic; 2 c e of SjU) iodine in a litre of distilled water 

(2) Bolling point. One humtied ee of the naphtha arc* plnepc] 
in a shoit iici Led copper ila*<k of alsait IHO 2()tt (‘a|)niit\, reatin^ 
on an asbestos |ilat(' in whii h is cut a eiieiilar holu of i) em diameter 
I * the neck ot tills IhHk is placed n trac tionatinj; IuIh* 12 min wide 
an 1 17 cm lon^ with its side tube eonneetisi to a Liehifr'a condi'nser 
at least 10 cm lout; In tin* fnietioimtitif; tuk*. whii'h is jirovided 
with a bulb iibcait a eeiitiinetn* 1 m‘1ow tlio side tube, h jilaced a 
thermometer with a 'calc: rangniR fnmi 0" to 200®, so that ita 
iiiereiirv rc'serMiir i.s m the middle of the bulb 

The tkislv IS lu'at(‘d so that the distillation prcHceds at about tho 
rate ot .> c c (ler minute 'Hie duilillute is eolhs ted in a cylinder 
graduated in e e . and at To® with a normal barometric preaauie of 
7(>0 mm at least IMI ee. shall Im* eoUentisI 

ff the haromc'ter is not at 7ti0 mm during the distillation, 1® 
shall he hIIowcmI for eveay variation of 30 inni For example, at 
770 mm , 00 e e shall distil at lo 3® 

(3) MlselbllUy with water.— Twemiy e c of the wood Hpirit mixed 
xviih 40 c i‘ of water shall give a clear, or only slightly oiialoHccnt 
solution 

(4) Acetone content. 

(a) Separation on mixing with soda solution.— Twenty cc. of 
w(kk 1 spint arc shaken with 40 c c of soda solution of np gr. 1‘300. 
At least T) c c. of the spirit must have separated after the n.ixture 
has been allowed to stand for half an hour. 
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(&) Titration. Onr cm-, of a mixture' of 1() cc- of the* uikkI hpirit 
with tK) V V of water, Ih mixed with 10 c- e. of 2 lY nolution of Hcnlium 
hydroxide Then 50 e e of iV/10-Kxline nolution are added, with 
eontiniial Hhakin^. and the mixture allowed to remain for at leaat 
thnt^ inimiteH Kxi-chh of dilute Hulphiiric- acid is then adde-d, and 
the lihenited iodine titrated with A*;]0 thiosulphate solution and 
stareh At least 22 e e of A^'lO-iixline solution must have been 
used up by the acetone (This is equivalent to 21 .3 Rrams of acetone 
|K*r ItK) e.e. of w'ood spirit ) 

(5) Bromine absorption, (hie hundred cc oi a solution of 
)N)tnssium hroinate and liromide (made up as described below) are 
acidilicd liy the addition of 20 ee of dilute siilpbiirK ncid 
(sp f;r I 2(Mt) 'I'o tins iiiixtun* the wihkI spirit is addi-d drop b\ 
drop from a biindte so loii^ as ai\\ colour reiniims on shaking 
The rate of addition shall Is* so iirran^ed that in om- miriiile 10 < c 
of spirit shall have lieeii <uided 

Xot more than 30 ec of the wcmnI spirit shall be re(|iiired for 
the deeolorisation, and not less than 20 e e This test must Is- made 
111 full (lnyli);ht, and at a tem|N'rature not e\ciH>diii^r 20 
Bromine solution. After at least two houis' druiif; at Ohi'', 
and eooliiiff in an exsieeator, 2 447 gnims of KBrO,, and K 710 plains 
of Kllr of tested purity are dissolved m watei, and the solid ion 
made up to I litre 

Minoral naphtha. The mineial imphtha appiovi-il for 
making miiieniliscd methvliitc-d spirit in the I'nited Kingdom is 
ordinarv light mineral oil having a s|HM’ilie gravitv not low-er than 
0 StM) at 15 o'*, 'riie s)) gr ranges up to alsmt 0 H:)0, and is usuall v 
alMHit 0 810 to 0 820 The oil, w hen mixed w ith niethv laU'd alcohol 
in the pro|K'r ])ro|M)rtion (0.375 jkt mit ) must give a satisfactory 
turbidity on dilution with water 
Petroleum ether or mineral oU,--For certain simviuI piirpose.H 
some users of methylated spirit are reiium'd to employ H[)irit whu-h 
is mixed with 3 fMT cent of an approved mineral oil or petroleum 
other. For this purpose the oil is required to have a spoeitic gravity 
of 0 (185 to 0 6lK» at 15 5“ ; or, alternatively, of 0 705 to 0 710, the 
latter range admitting of Kastem oila being used as well as American. 
Jn addition, when 100 ee. of the oil. of either variety, is distilled 
in the apparatus deserilied under WocnI Naphtha " (p. 300), not 
more than 10 e.e. should distil below 65'’, at least 75 c c should 
pass over hetwoon 65'’ and 85^ and a total of at least 05 c c. should 
distil before the thermometer marks 100^ 

The cost of producing alcohol is appreciably enhanced by the 
restrictions nceesaary for safeguarding tho revenue. It is caleu- 
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la((Ml that tlio iiiiTcuho of coht Ainounts to .V ]M‘r pnHtf jiiilloii in 
thu 4 country, ut the tune In onler to n‘hc\e aleohitl iifod 

in inaiiufaeture of thia cnhaiiml 1*0:11. an allowance of .‘h/ |M‘r proof 
gallon IS paid on alcohol umkI for making in(lu><trinl niethyLitcd 
spirit, and also on all ethyl alcohol nTeiviKl for \m' dnt\-fr(*(* iindt'r 
Section 8 of the Finaiict* Act. 1 }H )2 
The quantities of those two rariotie*« of alcohol on which thi* 
allowance w'as paid arc shown Mow for two m'cnt ^ears ' - 
tail I'H.-i 

liKhihliiHl riii'tlivlritcd hpirit J 4.H.'ni,071 

Duly umicT laOJ Alt 79I.JJK 779,7ii:> „ 

The (|uuntities (hulk gallons) of indiihtiial and iiiim'raliscd ineth;^l- 
ated spirit Actually M*nt into consumption hy the incthylalors 
iliinrig the two years arc subjoined . - 

liiiliMrinl .Mini ihIim il Tuliil 
Yniri'iiili‘il:ilhl Miirili ItiilkgHlliMiv Hulk ksHkoh Hulk ifullniiH 
1014 a,2.VMHii I.7.'i4..'iit r»,w7,:>7:> 

lOI.'i 3.lo:UOi l.771..’l-M 4.H7I.»IS*| 

The foregoing figures suHico to give a general idea of the quantities 
of iiu'thylattMf spirit, and of the, specially -deiiatun*d alcohol, which 
have normally hetm usctl 111 the UniU'd Kingdom 
As to the particular uses to which industrial methvliilisl spirit is 
put 111 this country, the following table indicall's I In* chief applica* 
tlon^ of this varnt> of diil\ flee alcohol It is laki'ii, slightly 
abbrcMiiti'tl, from the (*iistoms and I'acisi* aiiiiii,d rcjairl issutsl in 
ini 7 > The unit of quant it \ is l.tNNI bulk gallons 


iNin siiiiM, Mi.TiiiMii-o si’iicir (ji'^NTini.s i si i» 
Kisuuom. Year 

MRiiiifnctun* or iiHmt ])urpu<R' 


IN Till. Umtim 

(jiiiiiitil}, 

III tlinUHHIIllN 

of gnllonit 


Kiiiihli, for ubI*' 

VariiiHh, polish, biuI lunpii'r, fur hmIp . . 

„ „ „ iiw III iiiRkrrH* Horkiilio])H 

SlAiiH, eimriiolji, ole 

FpIi and other hats 

(.Vlluloid, \ylfinite, and ^iriiilHr NulwtatifHHi 
Oil-rtoth«, leather-clot lis, and Hiinilar wiljataiicei 
Sninkelem powdoiR, fuliriiiialeii, and other exploMivcH 

Soap-inakiiig 

Klectnc lamp lilanientH 

Ineandeaccnt inantldi . . 

Ether 

Chloroform 

Ethyl chloride and bromide 


:iuj n 
1,1102 
3 u:i ') 
iu:i ir 
HA 1 
2»ri 
227 0 
2U4 .1 
202 7 
10-7 
aHS 
393- 1 
ITfi 
2A 


» Cd. 3428. 
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ImiI iTHIAIi MriH^IAThlJ HIMKIl Ql'ANririh«« I shll IN TIIK INiTRI) 
KiNunoM Vi<Aii Ifiri IH unit 


Quant It V, 

III 

tlioiuandM 

Miiiiiifiu 1 iiir <ir iithiT n 

f KslloiiH 

Siilid iiifdiciiiiil (‘\triu l«i 

4U2 

AlkaloidM and liiii* cIkuiiiuhIs 

72 0 

KiidirncatiDiiH, liiiiiru'iits, and lutiuiis 

:i2 7 

Murairal dn‘HHiiius 

ITJ 

('ii|iMul>*s iiiid iitlirr iiirdiciliiil ii|i|)liiiiii*i>i 

2 Ti 

lliLir wiishi'H 

17 7 

Cut tin nil difiiiins 

:i li 

I'lmit wiislii'H, iiiMH'MnidcH. and 'ilini |i dip'< 

17 li 

\niliiii and iillinr dyns, Hiilidi 

0 7 

HflllltlilllM 

Ml 

KirnuiiikH and niati lu s * 

l'liiil>i|{ia|>liii plali's iiiid piipi'io, and <iiliii pliiiliiL:iiipliii 

1 1 

piiipnmoi 

IS fl 

Sliil pnns 

2 2 

Silk, nrapn. and nniliioidi'iy 

117 

\ilitii'ial (limniH, nli 

S 4 

Kidilini 

1 (1 

Siilidilind Hpiiil 

27 0 

Ships' ciiiiiliassns. Hpiiil Inxnls. ntr 

1 t 

Inks 

0 H 

('oUndion 

.n 

llihinlni tantH 

2 2 

Dvi'iiiK and ilnaiiina iipnialions 

Tnvtiln pi lid mu 

•in 

It a 

Klnrti(it>|iiii|{ and piinlnm 

I'lnsnixalioii nf spni'inii'iiH in niiisi inns and linspilals 

1 -1 

1 “i 

Kdiioal iniiiil and s< inntilin pnipnH>''« in rollnai*^ and snlinnU 
Vnalvta'iil and sninidiln pnipiiHnii in liihoiatniins nl iinal,\si<. 

1 2 

wniks < lii'inistx, nil 

'» a 

I'snd III hoMpdaN, aMvIums, and iiiflrniiirins 

„ \dniiraU} dm k>aidi and Win Ollan ai'«*nals and 

72 ^ 

wnrkslinpH 

20 ‘i :i 

Mlsd'llaiinoiH usi'H 

11.1 l 

Total 

I,IIH2 .1 


Thut IS. tho immlHT of gnlloii'« ihimI was 4,OH2.r>n<) 


If INDUSTRIMi AU^)HOL IN KORKKiN COI NTRII'^S 

Sp<'akinK bnwdly, tin* roiulitioiis under uhieh deiiiil iired ulenhol 
i.H allowwl to be uH(*d fm* of duty in foreign countries are giMierally 
similar to those im^xwed in the Tniteil Kmgdom , Then' is usually 
a heavily denatured s]iirit >\hich may be sold or usi'd with com- 
parative freedom , and then* an* leas naus(*ous kinds of spirit, or 
specially donatun>d kinds, which have to Im* employ eil under more 
stringent conditions of au|Tervisioii than the first-mentioned variety 
It may be noted thut the s|HH'ialIy denatiintl spirit is not of necessity 
less nauseous than that which is alloweil to be sold and used freely 
Very often it is much more nausi'ous But the denaturant substance 
is, or may be, more easily leiBoved, and hettee the necessity for 
greater restrictiona. 
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IVihajH !lu' cliu'f (lifTt‘ii‘iK'{‘ whidi Ntnkos cun* m nMiip.inii^ tlii> 
foieipi re^Milatioiis uiili iIkw nf thr I’nihtl Kiiii!ilMin is tlir fail 
that. alMtmd a iimiihor nf iiuhistrioa an* oftnn i iiiiiiiriatnl m uhidi 
"Bpwiallv (Iriialiiivd ” alcohol loav Im* cinplincil. ami for whii-h 
the s|)eeial deiiaturanlh are i)rt\sci iIm-iI In this i ount r\ 1 he fi u iiuihr 
for special (h'liatuniiK have md Imh'ii puhlulM*!! at .ill events, not 
offieially Thev are roRardiMl as coiilid«*ntial iiifoimahoii lleia e 
two nmkeia of the same article 4I0 not. of mressUv, ime the same 
d<*natiiraiits for the alcohol eniployc‘rl 

Minor points «)f ililTereiiee an* that in some countries (he just 
of anahslni' tiie denntiirants, in oidei to ensiite that the\ (iinform 
to the presiTihed Htaml.inls. must he borne by the user i»f the alcohol , 
whilst 111 some eases the AdmiiiM ration itsilf fuinishes the de 
nntiiraiits. at the exjM'iise of the usits (France. Holland) In Italv, 
some of the denaturing siibfitances are supplied bv the |N‘rson nsinfi 
the alcohol, whilst otIuTs are supplied by the levenue authorities 
at the expense o| the user In some eas(>s too (Mussia, Switzerland), 
the aleiihol itself is .soKl by the Slate 
The im])rt'.ssjon m\eii by a ►tiidy of the \aijous s\ stems is that 
most of the forcijiii countries eiuleaxoiir to foster the industries 
which <‘m|)lov iihohol, b\ authorismi{ the use of s|M‘cial denntiiiants 
suitable to the p.irlieiilar industry, hut this necessarily m\ol\es 
eoiioderable restriction ami superMsion 
Austria-Hungary.- 'I'he im*th} luted spiiit for ordinary usi* is 
prepared bv adding fi litres of w'ood naphtha and ^ a litre of pyridiim 
bases to even IbO litres of aUohol For some years jihenol 
phlhidein was included .is a deriaturant, ami the wood naphtha 
was in smaller proportion (vi/.. 2 {Mt cent ), but this baa now 1 nm.‘Ii 
replaced by the formula given alwve. 

For making varnishe.s and mercury fulminate the denaturing 
agent is 05 tier cent of turpentine SpeeialU -denatured spirit is 
also allowed 111 the making of ether, vinegar, and solutions of 
ahelloo. 

Very' small (quantities of pun- alcohol arc used for BOicntific 
purposes free ot duty, under certain conditions, 

Belgium. -Alcohol for lighting and heating puiposos is not allowed 
free of duty. Varnishes appear to be the only products, containing 
methylated spirits, that can be sold All the other denatured spirits 
arc for use in the factories only, and the denaturing is done under 
the supervision of revenue officers at the works. Accounts have 
to be kept of the quantity of spirit used daily. The officials 
frequently take stock of the spirit, and may verify the quantities 
of products made. No stills are allowed on the works except when 
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Hprmlly authoris'd The minimum quantity of alcohol for de- 
mituring is two hectolitres at 

Total romidsiou of duty on the denatun'd spirit is allowed in a 
few instances only In a iiuml)er of other manufacliires a propor- 
tion of the duty is remitted after the ah ohol has been mixed with 
certain denaturing agents. In most cas's, the proportion is 
14/ir>thH , hut it may range down to 114/ir)f)thH Tho quantities 
mentioned below are those for denaturing each hectolitre of' alcohol 
at 04*’ or above 


Miiiiiilm tuit‘ 


AiiiIiik' rolniiis 

rolldiliiiii , tiiiiiiiii 
etc 

Oil n'liiiiiig 

iSlIlokl'lrHH |H 

M, iumI iltdiiniiiinits 

Mm'iiiy fiilinnuili* 

Quiiiuliiie yellow 
KIIut 

.\crlirt elluT 

Vnnioluiciil, cti , ]iM'|iuiiilioii-, 
in HOt'ondiii) h'IiooIs 

Altllll'IHl iilk 
\ iii<<};iir 
\ uiiiimIiis 


IS'iialiiiiiii; ai'i'iit 

10 lili(«s oi wiiiiil sjiiiii ( iiiiIiiimiiil; o jiiT 
mil 111 iii'plniii-, mid Jo I'liiiiisnt fm lisino 
iir olliar iuiiliiio riiliiiii 

.‘lO lilii»i ol iMiiiT 

.'l lllllW 111 Kll‘IOIU‘, III J Illll'H Itf I||||||\| 
i'lli\l ki'liiiii', or J.'i lit II ^ ii[ I llii'i 

10 litif's III siilphiiiD III id .It till Ml 

11 lilies of inellivl I'thU Iviliiiie 

10 liltiH <if l•Iudl' ilHtillatc II I DM i( d III tlu' 
piorcss 

3 litres (it lu elnii(> ml 

10 „ elliii lesidiies 

l."» .. MK'lie I llienesidiies 

5110 f'liiiiis (it lilti(ilieli/nl. 'lOO ^i.iiiis of 
eiiniplKH, nt l\ lities nt iiietli\| elliyl 
ketdlK' 

lAO lilies ol el III f 

3(K) Ilf uotei null 100 lities of 

Miiepii eontaiiiiiiir S |i(i mil nl iieeiir 
lie 1(1 


(I) . II |iir use (III 

uliei(« II Hide 

(J) If for sale • 
Aililieiiil lUiueiH 
TruiiM|iareiit soap 

((iiHsiiiK fnhnch 

Kniiia'-KiUlinK 


IH'eiiiWs I** lilies (if iMiDil S|I|||| emilmiiiii^ 5 [ht 
' I eeiil Ilf aeetoiie and J5 lilies d| miiiihIi 

I ('niilniilitiK 30 i>ei eeiil of resin, 

10 lltr('^ ol uiknI s|iirit its aliDii* and 
J.'i xriuiiH of fiielisiiie 

10 litnsi of Hood 4|iiiil, 15 ^i.inis nt aiiiliiin 
(he 

5 lilreti rHst'iieo of laii ndi'i or eilKinellii 
4 litnH) of acetone oil 
JO litn'M of woml apint. 3 litres of metliyl 
olhyl ki'lone 


Franoo. -Spirits for industrial and domestic use ai'e freed from 
tlio ordinary spirit duty on condition that tlu'y are denatured. 
iK'natured alcohol pays a small statiaticnl tax, and also nn im]) 08 t 
to co\cr the exfienHe of examining samples and suiiervising tho 
denaturing operntioiih The alcohol for denaturing must he of 
not less than SMI pr cent, strength, and contain not more than 
I {K*r cent of fuw'l oil 

• The flonatuiing may be “ general ” or " siiecinl.” The " general “ 
deiiaturant is wooil spirit of not less than 90^ strength, and con- 
taining 20 per cent of acetone with 2 5 per cent of pyroligneous 
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iinpuritipH Ton litroa of this nro uwhI for oaoh 100 lilit's of the 
alonhol to ho donatiirod. 

Spirit (lonnturod by thi< n-ngont is divnlMl into two olas.so's • - 

(1) 'riiut iisod for general manufactures mich as making vnrni<«li(‘s, 
oxtrarts soap, and hO on 

(:*) 'Phat ummI for lighting, heating, and making “ Hnlsh.'*- This 
spirit mils! contain, in addition to the general denaturing nsigent 
0 5 ]ier cent i.' heavy Ix'iizine. distilling hetucs'ii 150' and 200', 
when used for hgliting and healing , and 4 ^ar coni of gum n“<in 
when Used for “ tinisti ” 

The ' s|M*< lal ” denaturing is to meet the riM|uiieiiii'nts of tliose 
iiidu^trie.s mIicio aholinl miMsI Aiith moinI .spirit cannot he ufu'd 
Aiithoiisrd pro( c<hiT4‘s^ are 

fl) Ethers and esters. I'lie ah'ohol is mixed uith 10 |H‘r I'ent 
111 tile residue from a ]ir‘e\ mils o|iera lion, and 10 |M‘r cent of Milphuni* 
ai id .it lit) Mr , or 20 per cent at .5t 1k‘ The nu.xtuie is heated 
to a l4'm|ier,i1un‘ of for Konic tniie 

(.!) Ethyl bromide. -Sr\cn mid .I’li.dl litres of aholml at Oil" are 
mivid \Mth .St titles of siilpImiK aeid and 15 giaiiis of laoiiime. 

(5) Ethyl iodide. Six litn>s of .deohol at 00 . uith 4 kilograms of 
Iodine, and HtHI grams of nmorplions phosphoriis 

(I) Sodium ethylate, h'lght litns of absolute aholml with 
otyt grams of '.odium 

(5( Nitric ester. OiX' jMit h\ ueighl of nitric at hi at. liil' mixed 
With 4 ]inrls of alcohol at !K»' 

(0) Ethyl chloride. ICcpinl wr^ight." of aholml at IHi ami li>drO' 
ililorir acid at 21 Be 

(7) Aldehyde. Mix the alcohol with Hi la-r coni of Hulphiiric 
aciil at t'lti Be or with 2tl per cent at 54 lh> , and lical the mixture 
to a IrMUiM-ralurc of HH' After the iiiixtiin' has crroled, pour it 
on to polassiiiin hiehroinnto 

(H) Chloroform.— The aleohol in nuxisi with I’hloride of limn in 
holutioii, as part of the pixa-esa of iiianufadiire 

(9) Collodion.'- Mix eijual volumes of aleohol and ether, and arid 
0 grams of gun-cotton per litre. 

(10) Chloral and chloral hydrate.-- A current of chlorine gas is 
pasHod into the alcohol. Flach litre of alcohol at 95" should prudiico 
7R0 grams of chloral hydrate. 

Mvdieaments which contain alcohol after their maniifac-ture pay 
the ordinary apirit duty. 

Germany.— The use of denatured alcohol free of dut^' was first 

^ Induslnal Alcohol ('uiiiiiiitU«i*M Miiiutm of Kvidt'ticr, Apix'iidix IV; 
Cnl\ut, “Alcools,” pp. 32-40. 
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alUmcNl ill 1879, the system of (lenutiiTiii)( hi-iiip that followed in 
(Irent Mritiiin at that time In 1887, howevi-r, ditTerent reffula- 
tionR cnnie into force 

The demiiiiring in either ‘ ruw;>/e/e ’ w , such as ih denned 
Hiiflicieiit to make the Hjiirit uiidriiikahle, jir " lucimylctc le , 
Hiich OH recjiiin'H the employment of other means to prevent the 
imftro|M‘r use of »iieh apint 

The general denaturing agent for ‘ t umplcte ” denaturing eonHiHt}i 
of 4 parts of wood naphtha and 1 part of pyridine Imsj'H, to each 
hire of winch mixture nia\ he added fii) grams of lavender oil or 
roHemary <ul to mask the iwlour of the p\ndine hases This general 
denaturant is used m the proportion of litns to each hectolitre 
of ahohol 

This (jeriiiiin methylated spnit therefore contains 2 ])er cent of 
woimI naplitha, and 0 5 per cent ot pyridine liases, with o|itionu1ly 
0 125 piT cent of lavemler oil or losemarv oil 

Tor use in motors, uleohol may also he completely denatured by 
the addition of l{ lities of the geiierur' denaturing agent and 
[ litre of a solution of methyl \iolel dye, together with fiom 2 to 
20 litres ot ljeii4oI to every ItMl litres of aleohol 

The ordiniiry * eoiiipletely denntiinsl " spirit is intended for 
sail' hy letail, and is used tor eleaiismg, hurning, and general 
purposes, mueh in the same way as Itntisli ‘ mineralised " methyl- 
ated a|iint IS ein])loyed 

Kor geiieiul use on ii large scale fur indust i ml and mamitiicturmg 
processes, alcohol denaturisl with wood iinplitha only is sanctioned 
This ■“ wood-spirit dcnatiiiisl ” alcohol is a mixture of 5 lities of 
wood imphtliii with KKl lities of aleohol of strength not IchS than 
90' It eoiTcspoiids approximutelv with the Hnlisli ‘ industrial 
methylated spirit '' 

Where this “ wood-spint demitunsl ” aleohol, or the ordinary 
" completely denatured ' aleohol, is imsiiitahle for any particular 
nmiiiifaetiire, s[K'cial di'iiaturing agents may he allowed for 
“ tncomiikta " ih'iinturiiig, which is earned out only at the factories 
when) tho aleohol is to be usihI The following substances are iimsI, 
tlio quantities atatisl being for lUU litres of spirit at 100° 

(a) Industrial uses of all kinds.— Five litres of wood spirit, or 
0 5 litre of ]iyridine bases 

(A) Brewers’ varnish and similar substanees.— Twenty litres of a 
shellac solution (1 imrt by weight of shellac in 2 jiarts by weight of 
spirit at not less than 90°) 

(r) Celluloid and pegamoid. — One kilo, of camphor, or 2 litres of 
tur|ientine, or { litre of benzol. 
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{(i) For all the following articles : - 

(l) Kthrr; (2) cthxl sulphatoM , (H) a^ridn,, iMHlnphxIlin. 
Hcaiiiiiiiiiiv, Kiiniaciiin, nud jalap rchiiia, a.** vxHI as other n>ins and 
^uni irsin^ (I) nl(l(‘hul(‘ and juiraldelixde , (5)' xxhite lead and 
iU'ctatr of lead , (d) ethU chhiiidc liioinide, and IdIIkIo (7) ]>hoto 
gruphu' pajicr and dr\ plat4‘s. and pholu-cwuilsions , (S) i ldoral 
hxdrate, (0) clcctrodca for stoiage Irntteriea; (10) neetit* etluT 1 
(11) gluetiMdes ; (12) iiibher ])rrpnrntioii!i . (1!)) eolliHiinn! and silver 
bromide, (blonde, and iodide ennilsions of ei»ll(Nlion , (i4) jKwn 
eieatin, nlkaloiiU, santonin, tannin, sidiexlu- mid liiid ila Hilts, 
(lu) coal tar colourH, imdiiding HubatAme** used m nbtaiiiing tb(‘iii. 
and Intel mediate prodiut<4, and (Hi) du lineal preiuiratioiiH (not 
otberwiM* nami'd) wbieb do not retain nnv aleobol xxbeii tinidied 
(except fonme, xalermiiii* and bntxrie esters) 

10 litn'S of etber 
oi 1 litre of l'.eii/ol. 

oi OA turpentine. 

or0 02.*i , .iniinal oil 

(V)llodion toi sale iimst eontain at least 1 (n*! cent of gun (otton 
Htber and aietie ether aie onl\ allowcxi to be made from dutv tree 

abobol if tb(‘N UK* to be expoitfxl. oi used at Inane for leilam 

H|M‘(i!i(d jairpose-s 

(() For making chloroform. 'I'bree bundled Kiams of ebloro 
follll 

(/) vinegar, — speeibed ({uaiitities of \megur eoiitiuniiiK !) 4. ti 
H, 10, or 12 jier (dit of metie ueid miHi eertain pro)iortioiiM of 
uater, b<rr, or Mine 

{•j) Inks, sealing wax, and stamping inks, o r> Litre of turpi'iitme, 
or 0 tl2.') litre of animal oil 

(A) Bedstead enamels, brewers' varnish, us ueli as for use in 
ineandeHeeiit laiiijw, for iinisbinu silk ntibons. and for ibaiismg 
jewellerx , etc . 0 A litre of turpentine 

(0 Iodoform. "Tmo hundred grama of iiMloform. 

{k) Varnishes and polishes of all kinds. - Two litrea of mcmmI sjaiit 
and 2 litrea of petroleum benzine , or 0 5 litre of tiirjienline, If 
intended for ualc, the vamwhi^ and polisheN miiat eontain at least 
10 piT cent of ahellae or other resin 

(/) Medical, botanical, and loological preparations, for Hlueutiunal 
purposes - One litre of eoinmercially pure metli}! alcohol and 
1 litre of pi^troleum benzine. 

(m) Soap-making.- -One kilo of castor oil and 40() e e of soda lyc. 

(n) Lanolin. — F^ve litres of petroleum Iienzine 
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The 11 HO of alcohol not dcnatun'd m only allowed in certain 
hoNpitalH, nHyhiinH, and publie Hi-ientiflc inatituliona and for making 
ex|iloHiveH, chiefly in Clovernnient factoricH “For all other 
pnrposcH, \iilhout exccjitinn, duty paid Mpirit miiHt he iiw*d, unlena 
the Mpirit he HuhjcctHl to .some authwined pitu'CMs of denaturing 
prior to uMc The German Hyatem, while d(‘Higncd on liberal and 
(oin])ieheiisive Iiik'm, kh rigidly enforei'd, and allous of no excep- 
tions 111 practice to the nilcH aa laid down "* 

Holland. Two kimlM of denatiiriKl alcohol are n'cognised, riz - 
(«) With 7 litres of crude wood Mpirit; or 
(fi) With 12 iitroH of colourleas wiKid spirit, 
per lu'ctolitre of ah'ohol ralcuhled iit TK)' strength The alcohol 
(‘inployed must of at least H.')*’ stn^iigth. 

The spirit (n) is interidisl for general use, and is allowed to he 
employed without restriction, on condition that it is not jmnfied 
or used ill articles of hiiiiiaii eoiisum|)tiun 
The spiiit (fi) is only allowed for industrial piiiposen and under 
autliorisutioii 

Alcohol for \iiiegar iiinking is denatured hy the ndihtion, to 
eiu'h hectolitre of spirit at r»<l“, of 2 hectolitn*s of water and 1 hecto- 
litre of vinegar of 4 |K'r cent acid Mtrenglh ; or 20 litres of vinegar 
of 4 |K'r cent luhl stri'iigth with 20 litres of raisin juice , or 20 litres 
of the vinegar alone if the revenue olficialH sis' the mixture added 
to the a cct I Kent ion vessels. 

Italy. h\ir general jiiiriNMOs the denntnraiit einjiloycd is a 
niixtiire of woihI iiaphtliii, pyndiiie bases, neetone oil, henreiie, 
and eiilniii'ing matter Of this mixture, 3 litres are addl'd to IIH) litres 
of alcohol, which must not lie of lower stn'iigth than tHt" Spirit 
so denatured is used for lighting, heating, and motor piirjiiKses, and 
for certain kinds of varnish. 

Speeially-denatured alcohol is allowf*d for use m various industries. 
The (leiiatiirants list'd an' jiartly furnished by the authorities, at 
fixed prices, and partly by the users of the denatured spirit. If 
any alcohol is n'l'overc'd during the manufacturing operations in 
which the denatured spirit is employed, it may only he useil again 
for the same purpose, and if necessary must bo again denatured. 
The special denaturanta chiefly employed are as follows, )ier 100 litres 
of alcohol. 

(1). For making ether.— One litre of sulphuric acid at 66^ Bd., 
6 litres of crude ether residues, and 1 litre of crude benzol. Under 
permanent suiiervision, sulphuric acid alone may be employed. 


1 Iiidu^ilrml Alcohol Committee, Report, p. 13. 
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(2) . Varnishes. Knur litres of n mixture of vo<xl naphtha, 
aretoiic ml, and enido benzol, with Hiiflieient of the partinilor 
varnisli to (five 10 grama of fixixl nwdue |ier litn* 

(3) Mercury fulminate.- (Vude n'Mdiie from preiimis opeia- 
tioiH. 0 litn'M , nitrie acid. 5 htri‘s 

(t) Collodion, pbotographle paper, and artiflelal silk. Throe lit res 
of arotoiio. 1 litre of light acetone oil, and 2(t htri^a (»f other 1'he 
ether alone ina\ be ijs^hI for the silk if under )N‘rmaiient supervision 
(hi the snin<‘ condition, ether in the given projMirlion nm> be used 
lor denatuiing aholiol umhI hi luakiiig eiiieiiiiitogniph tilma 
(o) Brewers' varnish. Methvl alcohol 2 litns. light luetone ml 
2 litn-s vutli litivs of shell.ic solution (." 1(1 kilos of lac in 1(10 kib's 
of alcohol) 

((1) Lysoform. Litre of mi lone ml, 3 lilies of m clone, iiiitl 
2 Idles of foMiialiii (4(( |»er cent strirngth) 

(7) ** Dermoid " varnish. Two litic'i of ineihvl ahohol. 2 hlies 
of acetone and 1 lilies of “J)ernimd' Viiriiish 

(5) Incandescent mantles. 20 Lities ot ciIht 2.’> kilos of 
ciiin|ilior 2 “» Kilos of easfor oil. .iiui 2 "» hires of lollodion solution 
(0 pel cent ) 

Norway. AK ohol is allowi'd fiei* of diitv if dcnalurisl eitliiT with 
vv(K)d naphllia or uitli other subslanees vvliieli will pnveiil llie 
ah-oliol («‘in;/ used for [Kiliihle juii|M»ses The ex|Mii.'ics of denaturing 
and super vision devolve u|m>ii the trader 
Portugal, b'or general purpn.se.s alcohol is diiiatured willi a 
mivtmv of wood naphllia. luavv Im*ii/jiic, .iiid inubiehite gieeii 111 
the proportions of 2 hires, 1 litre, and 2 di'CigraniH. respcilivcK. 
IKT KMI litres of alcohol at .slicngtli higher than K3' . Fur vainishes, 
the spirit is deiiatiin'd with 2 litres of woml naphtha jkt KMt litres, 
and at least 4 jkt cent of resin or gum lesiii S|K*cjal prwiws of 
deimluring •ue also allowed pnivided that they aie such as to give 
protection against the n*gc’neration of jiotuble alcohol 
Russia.-— The sale of alcohol is a ^itatc inoiiojioly in Ruasia, and 
denntuivd alcohol for (lovemnient establiiilirnenta w made less 
nauseous than that for private firinu or itidividualN In 1907, 
the auhstunecrt and proportions used in “geiiiTai ’ denaturing 
were, for 100 voluinea of abaolutc alcohol . — 

(a) State establishments.- 2 5 Vola of wewd ajiiril, 0 5 vol of 
pyridine Intsea, and 0 1 vol of a aulution of violot colour, 

(6) Private persons.- Five vola. of wood apirit, 1 vol of pjndine, 
and U'l vol of violet colouring. 

Subsequently, the proportion of wood spirit in each of fheae 
Tarioties was reduced to one-half (t e., to 1 25 per cent, and 2 5 per 

Y 
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crnt Ti'S|)octiv(‘lv) ; Imt thin was iindmtfMxl to be a temporary 
meaHiire only An allenmlivt* form of general denaturing for 
privati* IrnderM’ use wan also authoriaed : {jer KK) vola. of absolute 
aleohui 2 voIh. of w'U(k 1 Hpirit. 0 5 vo! of ])yridine basen, 1 vul of 
keluno oila, and Oi vol of violet euloiiring. 

IVnniMHioii to uae H|)int <luty fret* in geiienilly limited to ont* \ear, 
and bund imiat be given. 

Special denaturing priK-esHt^a im* ah follows 

(1) For varnishes and polishes.- One butulred parts of spirit 
aro mixed with j parts of wood naphtha and 1 part of tiirptmline. 
Or inatead of tiirpe.ntino, rtssin, Hhellae, or tar may be used in the 
proportion of t lb to one vtslro (2 7 gallons) of spirit 

(2) . For the preparation of wine vinegar. The sp nt is diluteil w it h 
water and vinegar, so that it shall be of stn*nglli I2‘' Trallea 
(71) under proof), and I'ontain 1 J piT eeiit of iieetic neid 

(:i) For making ether, chloroform, and chloral hydrate. Tlie 
dieoliol in deiiaturcil witli nninuil oil 

(4) . For preparation of tannin, collodion, and artlflclal silk. 

Ton parts of ether are addetl to 100 parts of ahsihol 

(5) Preparation of santonin. -Fresh spirit is mixed with spirit 
that has already been used, in the ])ro)M)rlion of 4 to 1 , or 1 poud 
(DO lb) of crude santonin is inixeil with lO Aedros (27 gallons) of 
aleoliol 

(0). Phenauetin, salol, salipyiine, and salicltlne nltro-salts.- 
Kivo per cent of boiwene is adiled to the spirit 

(7) . Preparation of aniline dyes. -Five imt cent of wood naphtha. 
Or, alteriialivtfly, the alcohol is dcnaturi'd with animal oil 

(8) . Reslnlte or Klsylite.- Seven jier cent of ether or acetone. 

(0). Smokeless powders.—' Hie spint is not disiatured, but its 

use is under strict surveillance 

(10) . Meroiiry fulminate. -0 025 IVr cent of animal oil, together 
with 5 ptT cent, of the crude riToveriTl spirit that has been iiswl in 
the process. 

(11) . Extraction of sugar from treacle. -Frt*sh spirit is mixed 
witli spirit that has abA'ody Ikto list'd - eipial volumes of each. 

(12) . For preventing deposits of naphthalene In gas pipes.- Five 
parte of wrood naphtha and 1 part of pyridine ba.ses are iiiixtsl with 
100 of alcohol. 

(13) . For street lighting.— Twenty ^lorte of turpentine to 100 parte 
of aleohol ; only allowed to contractors to local authoritiee. 

Spain.— Aloohol for Ughting, heating, or motor power may bn 
denatured with 2 per cent, of wood naphtha containing 30 
cent, of Boetone ; benzine may be further added in quantity W 
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suit the trader's nM]iiin‘iiien(H. Alt 4 ‘imli\elv, a deiiatiiriiif! mixture 
coinposiil of one-half of lienrine iintl one half of wcioil iin|ihtlia 
ineliidiiifr !til ja-r (‘eiit uf ueetone iiia\ he euijihneil 
Sweden.-- Wood iin])htha and pxridine me used as 

denntiinintM Sjarinl denatuiirif; in aetonhd in eertain niuini- 
faelun s inehidin^ those of alkaloids. < hloial. i hloK.fei iii fulniinates, 
iaiuiie IK id, and vnriiiah 

Switzerland.- The iiiaiiiifaetun\ imiKirtation, and priinar;^ sale 
(if aUohoI 111 Suit/erland is a niotio|K)l\ of the Federal (h)vernnieiit 
Fanners are permit t(‘d to <li.stjl small i|tiniitilieK of spirit fntm a me, 
fruits, etc , ^1*1^11 on then oun landK , hut nith this exeejition all 
the di'itilleiies work under the HU|K‘rviHion of the Federal Aleohol 
Department, and all the ahohol prodmed is taken o\er l)\ flie 
Adminisliation at piiees agreed upon 
The \leoliol l)e]iartment is aiithoiisid to sell deiiatiiied spirit 
III ijiinntitieH ol not less than ITid litres at test piiee foi the fnl]o>«in)( 
put poses ' 

pt) Foi eleansiiia, lieatin^. (ookiii^. Ii^htiiif; and use in motor 
eni'ines 

{//) For indu-'liial pll^|lOh(^^ peiieiall} exeepf (he jireparntioii of 
lieveia^'to, litfUid prfiimes, and cosmetieH 
(r) I o- making Miietrai 
(ff) Foi seientifu puiposes 

(e) For pti paling lihaiiiiiKeiiliud prodmis uliieh do not eoiiliiiti 
uKolioi III tlieir fiiiisiied eondituin, and aie not mixed uitli alcohol 
uheil used 

'I'he (leiiuturinK is either " ahsohitc* ' - that h, such as is deemed 
Blinieunt to lender the ahohol un]N»tahle, or it is “relative”- 
that !'«. hiiili us rn<|uin'S utlieial su|kt\isioii to prevent the apirit 
being used for other iiurjHwea than those for which it is 
allowed 

The ' a1)solutd,v '' denatured apirit ia used fur tho purposes 
indicated at (a) above, and for sale b}' n'tail. Its c«inpo.sition is 
not invariable, the denaturmg mixture heiiig pun)OM‘ly changed 
two or three times a year As an example, the following is the 
coDipoeition of a mixture which has hern used Acetf.ne oil 
70 ports, pyridine liases 10, solvent naphtha 0, crude wood naiilitha 
11 parts. Of tills mixture, 2 7 kilos were added to ever}' 100 kilos 
' ol alcohol at 95**. 

“ Relatively ” denatured 8[urit is allowed to be used for all inanu- 
.l^taring purposes. The following substances have been sane-. 

For making vincgaTii— To 100 litres of aleohol, 5 litres of 
’ Y 2 
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ahsolutt* Hcptir iU‘ifl iIissdIvihI in ut Icnsi 2iN) litres of wiitii. beer, 
wine, ycuHi prushiiiKH, cti* 

(A) For lacquers, varnishes, and polishes. 'I'o I(n) litres of aleohul, 
oithitr 2 litriH of wo mI spirit ami 2 titles of li(‘n/iMe , or t) .1 litre uf 
liirpentme, or litres of wood spiiit , or 2 kiloa of sliellue ; or 
2 kiloH uf copal or lOHiii , oi 0.1 kilo of lainphor 
(r) For preparing dye substances. -'J'o KM) litres of alcohol, 
lU litrcH of ilher , 

or 1 litre of benzene , 

,, I coal tar oil , 

M 0.1 turpentine, 

,, 2.'> Kiiiin.s of aniniul oil , 

,, 2.1 aniline blue, etMin, Moli t m Ibioii'siem , 

„ KN) ,, imphtlmleiie , 

„ 2 kilos, of eoiuniereiiill\ pure nii'lli\l alioliol , 

„ 0 .1 kilo of ciunplior 

To UHo other d<‘natiirants for othei jmiposes s|)eii.il peiinis,sion 
has to be oblitined Tbe " n l.itiieK ' ilenatund Npiiil must not 
be sold b) the user, IIioukIi if fnilliei ileii.iliiied with w<»o(l naphtha 
(.1 litres per hoe.tohtie), or with acetone oils (.1 hires), oi with shellae 
(2 kilos ), it limy he disposed of f<»r um- onl\ m the purehaseis own 
workshops, not for le-sule 

United States.- The use' of dinaluied ahohol dui,\-free for 
iiuiustriul and general puipo.s('s is u)iiipaiati\el\ recent in the 
Ihiited Mtuti's Thou^di the piimiple had Ihs-ii reio|:nised by 
Congress many >eaiN pre\iousl\, it was onl\ in l!MM)-7 that elTeet 
MiiH given to the leeognition 

Two varieties of “completely denatured*' aleolml are now 
suiietiuned - 

(1) . - To KHj gallons ot etli} I aleohol aie added 10 gallons of wood 
s)urit and 1 gallon of beiiKim* 

(2) . - To 100 gallons of ethyl alcohol are added 2 gallons of wood 
spirit and J gallon of ji^ridine buses 

The wood spirit, benzine, and pxruline bases must be of approved 
quality. 

** Specially denatured " nleuliol is sanctioiu'il for um' m certain 
industries aceorduig to the following list All the quantities are 
referred to 100 (Aiueiiean) gallons uf )>lain spirit.* 
li)--For preparation uf lac varnish, eollodiun vainish, photo* 
graphic plates, cmbalnmig liquids, making barometers and ther- 

* Uiio AinerioAu gallon =. 3 78o lilros = U 833 Imperial gallon. 
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nioint'trrs .mil itniiliictioii of iirtii'los ns lioliotropiiu', 

]hm|o|iI)\1Iuiu ri*>iiii c-lr 
o ^.illoiis of nppioviMl uihmI s|uri( 

(2) -Knr cHIiiIokI. p\r.ilih .iml Minilnr pr«Hlui‘l.s 
Si'\on poiinils (Anu'rii'.iii) of (Min))li(ir nud ^ulloiis of coin- 
nuTcinlly pun* mothvi nhohol li.iviiifr ''P gr Inwrr tiuiri OKKI 
at Ofl^ V , or altJTunliM'ly. 2 {Z.illons of wwkI spint. uiid 2 Kiillons 
of iN'iizinr 

(Jl) -Kill trims|).ii(>nt soaps 

li} (Gallons of till' folIouiHL' inixluro. vtz o pilloiis of loni' 
uion'inlly puir incIliU nitoliol detiiusl in (2), with I gallon of 

inslor oil ntid J I'alloii of soda l\c‘ at .‘t(i Ih' 

(4) Foi incpniatiori of tolumt (siiioknif; and (lii'wiii);) 

Onr gallon of tlio fnllowiifjr ini\tiii«* rtz 2 };nlloii.s of nii aiiucoiis 
Miliihoii of niiotiiic (III ]K’i coni ). 0 4 II) of an acid xi llow colour, 
Of II) of hluc loloui Ictra/O'bnllinni 211, ami water Milliciciil to 
Minkc KHI L'lllloils 

(.")) Foi ]iholopa\iircs - 

.SivtN li\c 11) of cllicr, :i II) ol cailiiiiuin iodide, and .'1 ll> of 
iiiiiinoniiiin iodide 

( 0 ) Alenins fnliniiiatc 

Kisc < dloiis of ( iiinincrcialls -pine inctlisl alcohol as dciined in (2) 
and I ualloii of jisridine hnscH 

( 7 ) For use 111 w'uteh -making 

Fise i;<dlonsi of ooniiiieri mils -pin e iiiellijl .deohol (.s]i jjr less 
than OHIO at 00** F ), 11 Ih of potassiiini (saindc, and I o/. of 
blue colour 11 (sodium or ina}.MieHiuiii .sail) The blue eiiloiiriiiK 
in.itter ls dissolved in the ineth^sl alcohol , and the jKdassiiini ( \ninrle 
in a sinuil (pianlity of water these two .solutions are then niixiHl 
with the 100 gallons of alciihol to be denatured 

(8) -For preimritiun of sul|)hoiiiethaiie 

One Kiilloii of pvridine bases and 1 gallon ot Ik'IikoI 
(0) -For purilicotion of caoutchoue 

Ten galloiu of acetone and 2 {vallona of niiiieral naphtha having 
ap gr between 0 050 and 0 720 at fitr F 

(10) --For pn.stes and variiislics with gun-cotton bonih - 
Two gallons of wood spirit and 2 gallon.s of benzol 

(11) -For photographic collcKlion - 

One Imiidn'd lb of ether and 10 lb of cadniiuin iodide 
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Ill TW^HNICAL APf»Ll(!ATlONS OK INUrSTKIAL 
AI.OOHOL 

liOiikiiiK at th«‘ talilo ^ivon on p)i 4, wv p‘t iiit ulra nf tho 
iiiiiiKTourt itiirpiHcs to wliiVh iinliiHtriul rueiliviati'd spirit is pul 
in tho arts and nianiifaotures 

Tndiistrinl aloohol, however, w not eonKn(sl to iiiothylatcd ” < 
spirit, and still loss to this particular form of it Tn this soc lion the ' 
term is used in its widest sense as oinbraoiiif; all forms of diit} -froo 
ah'ohol, oth>l or methyl Thus in addition to indiistrinl mellixlatf'd 
spirit it will inehide, on tho one hand, tho “ oom])lot(‘l\ denatured " 
]iroduots Kiioh our miiioralisod *' s]iint, and mi the otliiT, tlii' 
Hpooiull^ doiintiirod or non doiintiirnl spiiits emplo\ed Inr special 
mamifactim*s 

Novorthoh'ss, the table niontioned gives a goisl induation of the 
chief (iiirpost^ to ubicli alcohol is put imhistriallv , and it will sene 
very well to exemplify Ihost* pur|K)si's It is thorefon* taken as a 
liasis for the following disciishion * 

Use of alcohol for burnmg, etc. -In all the lountnes * 
the " eoinplet^ly denatured ” form of spirit is mainlv emploved for 
burning, cither as a motor fuel, or as a source of heat and light in 
domestio and public usage. This matter is dealt with at Icnglli in 
t'liap l.\ In addition the spirit is used as a cleanser, for making 
ombroeatioiis and lotions, mixing with-pamts, making tin* coniinoner 
kinds of polisli, and. in general, for Uie eoarsiT requirements where 
the odour of the denaturants or the turhiditv given on dilution of 
the spirit Is of u-i particular consiHiuenec 
Usa aa soltrailt. -Alcohol U \erv largely cniplovcd as a 
solvent This, m fact, is its function in most of tlie mninifai tnrcs 
indicKt>i'il hy the latile above refern*d to When* it is so ummI tlie 
jirodiicts may he divided into tw’o clas.si\s (1), thow* in which the 
spirit n'liiains as {mrt of the finished article , and (2), thosi* from 
whioh the alcohol, after having served its purpose, is ex{M'lled in 
tho subsequent sUges of the inanufartiire 
As examples of tho first class may be mentioned finisli,' poliahi 
varnisli, and stains ; embrocations, liniinonta, and lotions , hair 
washes ; euttlo iimlieincts ; plant washiv, iiiseetieides, and slieop 
dijM ; dye solutions , aiul collodion Hero tho alcohol serves to . 
dissolve and keep in solution some ingredient of the article wliieh 
is not soluble in water, such as lesin, oil, colouring matter, or v, ' 
organic drug. Tims “finish" (nseil by polishcis and others) is •, 
a solution of rosin or gum-resin in alcohol ; liniments may contain..' 
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various organic drugs such om aconitp, belladonna, or rainphor ; 
collodion is a solution of gun-rotton in alrohol and c-lher , and so 
on almost ad infinitum 

As instances of the second group may Im* i itwl celluloid, soap, 
solid medicinal extracts, pliotograpluc platt^. silk artificial flouers. 
and textile printing 

Tn the pn>paration of eelluloid. for example, alcohol is used to 
dissolve tli(‘ camphor whieli is one of the ingredients of the product, 
the spirit being eventually dried off 

Tn soap-making, ah'ohol in employed to clarify the " triins]mrent 
varieties nii(*d son]) is dissolved iii the spirit, and most of the 
latter is distilled nniiv The nysidiial mass is formed into bars or 
enhes and stonsl at the onlninrv tiMiiiN'ralun*. wlicn the rest of tin* 
alcohol gradually c\n])Orntch and the son]) slovilv Is'cnint's trans- 
lucent 

To uhtaiii medicinal extracts ccoinmiicallv , tin* crude drugs 
(roots, harks, and other parts of plants) an* extracleii ivith industruil 
methylated spirit, vvhicTi is then distilled from the solution no 
]irodiice<l, and Inin h of it nM-ovensI for future iiw The residual 
solid extract can then he <lissolv(*d in ])iire (duty-paid) alcohol to 
form the mcdidnal liquid extract ^liich in (his country cannot 
•Icgall'' (if eiijiahlc of internal use) contain methylated spirit Thin 
])roeediire ohymtes Die use, and the cunM'qiicnt uimvoidahle loss, 
of the expensive dnty-)mid alcohol in the actual extraction of the 
cnidc drug 

Tn photography, alcohol is employed as a solvent for the collodion 
used in preparing ( ollodioii-omubtionH It is also iiscfl fur (he drying 
of plAte.s and th(* making of photographic xniiiislies, andjis ii solvent 
for colours in eulour-]ihotography 

In making artificial silk, alcohol (2 xoIiiiiich) is niixi'd viith ether 
(3 volumes) as a solvent for the iiitn»-cellulosc nhieli forms the 
basis of the ]imduet The solution is csscntiiillv a kind of colkxlion. 
It is forced through tulws, of diniiniahiog calibre, until it finally 
cnicrgos as very fine filaroenta, which dry as they reach the air 
and are spun together to form the working thread In silk dyeing, 
os also in the colmiring of artificial flowers and in calico printing, 
alcohol is a solvent for the dye-stuff cmpkiycil 

Another important application of the solvent properties of 
alcohol is in the purification of fine chemicals by crystallisatioD. 
The impure substance is usually disaolvoii in w'ami or cold alcohol 
of suitable strength, filtered from eolid impuriticH if necessary, 
and the solution allowed to crystallise. 

Alcohol as rawmaterialt^In the foregoing cases, the 
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nlcohol citlior roinairm as an inscrodiant of the finiNlied pnidii(;t, or 
in roiiioved nt Honir* Htoffo ; btifc in rithor event it Htill retains its 
identitv (/•» nle(»hol Tn other instances, however, the eth\l (or 
motlivl) i^rrriiip rtf the alcohol enters into the mrtlersilnr composition 
of the jirodiiet, and qu/i nlcrdiol the oriKinnl spirit is di'stroyed 
'I'liiis, for instance, alcoliol may Ih) tmnsformi'd into ether or 
chloroform In other words, it serves^ ns the raw matc'nnl for the 
mannfactiirc of tliese compounds 

The cliief products manufactured from nhsthol in this srmsc may 
he groiipcd as frdlows : — 

(1) . Anvsthetlos and antiseptics: ICther, cthvl ehlornle and 
hromide ; eldoral, chloroform, and bromrtform , iodoform 

(2) Esters of fatty acids Kthyl formate, acctati', hiitviate, 
|iro]iionat<' , eth\l acetoacetate, etc 

(3) Synthetic drugs : Phenaeetin, aiit]p\riii, etc 

(4) DyestuR Intermediates : Meth.\l and eth,\l nmlines. etc 

(5) . Aldehyde and formaldehyde. 

(8). Acetic acid and vinegar. 

In the following ])ngcs the preparation of thesi' and a feu f»ther 
cornpouiulH obtained from alcohol is di'scrihed 
Manufacture of ether. - A nuxture of n paits of aic(»hoi 
(iHl to 95 per cent ) and 0 parts of stnmg sulplniTie acid is he.iltd 
in a still tn a teinpt'rature of 1.3(1 140' Ktlier is formed, and 
distils over, together with some water With eontinuoiiH addition 
of alcohol in properly regulated ])ro]M)itinn to the hot mixture, 
the f irmation of ether is maintained, and the ])roci*ss g(s‘s on 
indefinitely The stR'am of alroliol is adjusli'd so that the M)luine 
of till' mixtuR' remains constant, and the temperature is kept 
lietweim the limits stated, since helow ].')0'' much unaltered alcoliol 
pasHi's over, and ahovo 140® ethylene gas is ])rodu(‘cd, with destrui'* 
tion of a corresponding quantity of alcohol 

Tho distillate of enule ether thus obtained eontaiiis sulphur 
dioxide, water, alcohol, and so-ealliHl '* nil of etluT,” n decoiiiposi- 
tion product of the side reactions which (M'tmr To purify it from 
tho acid, it is washed with soda solution or milk of lime , and to 
remove the greater port of the alcohol and water the washed ether 
18 rertiti(sl by re-distillation. 

iSiich ether serves for most technical purposes, hut always retains 
a small ipiantity of alcohol This can he almost entirely removed 
by washing with water Treatment with sulphuric aciil has been 
proposed for the purpose, but is not used commercially By drying 
the ether over fused calcium chloride and fractionating, “de- 
hydrated “ ether is obtained. ‘ 
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Tho i'lifiiiiriil riMU lion iiuolvpd is Pxpn'smMl hy thi* well knonii 
rqiintion^ 

(1) ('A OH : HjSO, i 

(ii)OJItOH 1 (VUHSOj (<Mi5V> I H^SO, 

TlirorrlH ully, tlicndorc, M 2 parts of (iilisoliitp) jiIcoIkiI 74 of I'lhcr 
I’Ik* othonlinition vosm-I. ronstriicU'd of load linrd iron orollior 
arid-n'si.sliiij! iiiotal. iua\ In* lioatisl li> an cxtiTiinl jar kot of siifUT- 
hoiitpd steam, kill in thi* more modi'rn ]»I.uiIh inlernal lieatiin; coils, 
made of lead, an* employ'd In oiu* form of plant the ethenfier 
is a eOinder of I S in diameter and 2 in in lii*iuli 1 , it takes a 
eliarp* of It 2 iKl kilos of siil|i 1 iiiiie arid (llli' He ) and l.olM) kilos 
of Mo per cent aleitlml Sometimes the ai'id and aleohol are mixed 
III a separate \(s*>el, and lh<* iiiixtiin wanned In a steam eoil, is 
passetl into the elheiifier hy means of eompressed air In Home 
iiMallatioiis (he eoii 1 miioii> siipp]\ o| aleohol afterwards iieresaarx 
Is fed into tlw aiid mixture m the etherilier thioiifih a eriea of 
\e?li(,d lead liilu's, am.iijn'd in eoneenlne eirch's 
The ether is fns'd from acid h\ passing the uiimiiTs throuf^h a 
lead-lined eoliiiim wlieie Ihev nie washed h\ a hohition of sodium 
earhonak* , or .ilterii.iii\e!\ the eoiidenseii ether limy he priKsed 
into .1 ^es'^e| (ontammi! milk oi lime to effeit the removed To 
se|»arale tin* hulk of the ahohol and wntu pn*sent, the ether is 
then dis(ille<l in a (opper lei tifving-siill If desireil, the vapoiiiH 
before eoiideiisaliori ma_v he further ilehvdrated hy jiusHiiiu them 
through a drvmg-eohimn eontainiiig ealeium ihlonde 

Viinllensl ahohol reinnininjir in the ethenln-alimi vessel is 
reeoven'd pernMlieally, together with aleohol and ethi‘r reinainiiigin 
the fraition retained hv tin* miifyniu ajijKiratus 
Other apparatus for the eontinnoiiR ])iodu<tion of ether works 
imieh on the pnnciplc of the CofTev still (p K7), tlnaigh the 
ineehaiiieui details are. of eouise. difTemit One of tin* most 
reeeiit is Harfiet's ‘ This inehides n tower dividtsl into, say, 
tw'olv’c Rwtinns, caeh of whidi eontaiiw “]»latcs" for diRpening 
the liquid, and is heated by a eoil to a suitable k'lnpcratiire 
Aleohol is introrluccd into the fourth scetion from tho bottom, 
whilst sulphuric acid is fed into the top w^etion The alcohol 
meets the deHeending stream of hr»t siiljihuric ni'id, and is jiartially 
converted into ether Thus a mixture of ether and alcohol vapour 
in produced, which nses through the lower, and meets further hot 
acid in each successive section , tho conversion of the alcohol 
into ether thus bccoiues moro and more complete The resulting 
> F P 4704.1.'|. 1014 , V. also B V. 100400, 1010. 
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rthor pviNfH to a condoiiHcr and ia collectf^l Tho three lowest 
HCfiionH of the tr)vver Horve to remove ah'ohol and ether from the 
diluted siil[)huri(' arid whieh n^uehes the hottom 
ThiH apparatiiM ean also la* umnl for tlie inaniifaetnn* of ethyl 
lU'ctate or other ethyl I’sU'ra 

Other pnayaseH have lie^'ii jiroiamed tor the luaoufaeture of 
etiier Th<' folloMiu); may l)c nientioiiHl. though they do not 
appeir to have eoine |K‘riiuineiitly into iiae on a large seale 
(a). --EMteritieatioii hy lueaiih of iHmzeneMulphoiiK* aoid ^ Here 
tho ethyl esU‘r of lht‘ acid ia fimt foriiu'd, and reads with more 
alcohol to form etluir 

(i) i 

(ii) . (VHjSOafVfs I (!,H,()K {C,\\,)Ji) } V,\\,SO,\\ 

Tho li<>n/,('neMulphonie acid ia thns n'generaled in tho set'oiul 
stage, Tt thou reacts again to form more eati‘r ; and m> on Theri> 
urn said to he no aide-rea^'tiona in this pnicess 
(ft) -Kthyleiie, obtained from oil gas or other convenient eeo* 
nomieal source, is treatisl viith sulphuric aeid, forming snlphrivmie 
aeid as m Heiiuell’s synthesU of nleohol On adding a suitable 
pni|iortion of water and heating, the nh‘ohol formed reacds with 
some of the remaining sulphovinie aeid, and tdlier is pnalueed ° 
Onliriarily the di'liydiatisl, “pure” ether obtained h\ the fore- 
going proeesses still eontuins traees of aleoliol and water, whieh 
eaii be removed In distillation over metallie sodium On a sniall 
seale this is I'lreeted l»y udilmg shavings of the ineliil to the ether 
as long ns Imhhies of gas are given otT from the imnierM'd MKliuni. 
When the action has eensed. the ether is distilled off, and eolhrted 
111 n n'eeiver fitted with a ilrying tulK* to jirevent absorption of 
moisture from the air during the oiieration 
l*un' ether has tlie s|a*ciHe gravity 0 720, niwl boils nt .'iri'’ There 
are, however, several ipialities of ether rwognisisl in trade, and 
containing various pro|vortions of water, alcohol, and other 
HiilMtanees ; these admixtures modify the 8|H'eifie gravity and tho 
boiling point very considerably 

In this countT}’ tho bulk of the ether pruiluci'd is made from 
industrial metliylati'd spirit, hut a certain amount is preiiared w'ith 
duty-imid reetifled alcohol. The former product eoiitains bumo 
mciliyl ether and incthvl ethyl ether, due to the iiresmcc of methyl 
alcohol in the industrial incUiylateil spirit Such ether is distin- 
guisluxl os “ Ktlicr. Meth,” Naturally the pro|K)rtinii of methyl 
compounds present will depend upon the particidar fraction of the 

^ Kraft Aiul U<uH. D K -P.. B'JllS. 

• P. Fntsrlio, Dw Chm, Jndiwtrif, 1919. 89 . 037. 
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(liflhllato n*pn‘m*iit«l hy \\w <‘thor • wnm* kimK i»f “ \\t\wr. Wi th " 
contain but little of the incth\l ctliora, either kiiuls uicIikIc u cnii- 
aidmblc (|uaiitity 

The chief vanetiea (jf ether met uilh in tliia eouiilr\ are the 
fnlhiMlMK - 

(1) Ether pure, sp 0 72(l Tluh is HeliNilraleil. ncailv pine 
•elhiT jiroihn-ed from reetifii'il spirit 

(2) Ether pure, sj) ^ (tT.Vi Like the ahove this h iiiiule from 
rei'tilieil spirit, hut contains approxiinntely H) {mt iHmi of alcohol 
and liter, and h less ]iiiritied 

(:i) Ether, B.P. This has sp f^r 0 720. and hoiliriic laii^e from 
:I4^ to lUi’ It .i|i]iro\i)iiateH to No 1. hut is not neiessarili iiinde 
Iroin piiie alcohol, and is not ipiite so hi^hli piintiisl 
(I) Purlfled ether, B.P. This has the sume sp p anil IniiIidi! 
raiu'c as No It hut must conform to further tests dcHiKiied to 
cM'hiile aldchuics, |H'ioMdes and methyl eoiii|Hmnds 
(o) Ether Meth., sp ^r 0 717 IMudratcd, and piaeticalK 
free fiom water Its low K|)fs die gravity is due to the presence of 
methyl ethers which also ^ive it a \erv low hoilin); point uhont 20‘ 

It IS inaiiili Used as a hs'al aniesthetie 
(0) Ether Meth., sp ^r 0 720 This contains alcohol, water, 
and inethvl (om|KMinds in xariiiif; pio|M>rtions It is used for 
ordinan lalioratorv ])iirposeh wlieie a dehydrated ether is not 
reijiiircd 

(7) Ether Meth. purlf., s] I gr ti720 Hus is dehidratcd ether, 
iiciirly free fiom watiT and alcohol lioilmg rangi* alHnit !)!l ' to 
DO' rs"il as a laboratory solvent, and foi teehnieal piii']Hises 
where a ncirly pure ether is nei;ess.ir\ 

(K) Ether Meth., sp gr 0 730 (’ontains niiiih water and 
alcohol I'sed as a .solvent in ordinar\ tisdinieal o|M'riilionH 
(0) Ether Meth., sp gr 0 7DD I'aisl jirincipallv in j'e-inakiiig 
n|iparAtus Kather enider qnalitx than No H 
Manufacture of ethyl chloride.- - A mixture of oleohol 
(03 ))er eent ) and eoncentrati<d hydnN'hluric acid, in the ]iro]Kir- 
tion of 40 kilos of the former to ItMl kilos of iho latter, is eare- 
fiilly heakd in a lead-lined autsielax'c. When the main reaction 
is over, the tem|H'rature is rnuMHl to 130 ' for about five honrs, aft4‘r 
which the vessel is allowed to cool down to Tit)- 00" and the liipiid 
distilled into a cooked metal receiver. Tlie pnaluet, which eontains a 
little hydrochloric acid, alcohol, etc , may lx* rectified from slightly 
alkaline water to remove theae iiiipuritieB. iUternatively, before , 
the etlnl chloride va[)our is eundenacd, it may Ixi paoMsl firet 
through a w’ashing vessel containing water to remove acid and 


M 



332 


Al/’OHOL 


THAP. 


iilrohol, and Hioii thmu^li a foliiinn |ai(ki‘d with friiijiiicntH of 
nirth«‘nw.ii(‘, in whic h higher l)oiliii/r hv-|>rmliiets nn‘ eondciised. 
KiiiaUv it led tlimngh h ndrigeratur to a fraetioiuiting \eHH‘l 
From this it i.s dintilh'd by niPHiih of a water-lmth, the vapour heiiig 
paMsed Ihiough strong Hulphuriu neid eontainisl in a leadc'ii \essel, 
and again oondenscsl The fmislied jinKliiot is lilled into sealed 
tubes or Masks fur tnm'iport and use 

fii aiiotlier method the use of an auicHlave is dispensed witli, hut 
ealeinm ehloride or zine ehloridi* la used as a cataUst If ealeium 
ehloride (or otlier eataUst) i.s not (‘inpIo\c*l, a larger pro]M>rtion of 
h\dniehloric‘ aeid must he iiscsl 

Hesides being used as an aniesthetie. e(h\I c‘hloride is fnspientlx 
eniplo,\eil as an alkvlalmg agent. esiMssalh for aimncN and plienol^. 
in till' Hwithesis of dvi'stiilTs and other i‘hemiial prodiiets It is 
gaseous at the ordmars temperature, the Imilmg point hcsng 12 o’ 
Its sp gr at 0 ' IS 0 !I21 

Methyl chloride mav he piepaied m a manner siniilai to that 
desi rihed for <*th,Nl ehloride, using inc‘th\l alcohol siMhum eliloiich*. 
and siilphune aeid Or OroM's's ])roees> can he used Melted 
zine cdiloride, I part, is dissoUnl in 2 parts of metliO alcohol 
TIkmi gascMius hxIrcH'hloiie aeid is ])iiHsed into the im\tiiii‘, and the 
rc'sultiiig ini'thvl ehloride distilhsl off and puntied ^ 

Oil the large scale, howe\er. it is ohtainc'd h> the* di\ distilla- 
tion of nufhs.st't, a iV'iidue left in the jiianuluetiire ot sugar from 
beetroot Methylaiiiine is evolved, thw is converted into the 
hydroeiiloride, and heatcsl to a teni|N‘iatiiiv ot 2()d-3tN) .Meth\l 
c'hloride. iiiixc'd with mc'thxluuiine and trinudh\hiniiiie, h given 
olT , the two latter can he* rmnoved h\ means of h>droeliloric- aeid, 
and the rc'sidiial methvl I'hloride, after being driisl over ealeium 
ehloride*. is eoiidensed by pressiin* into stisd eylindcTs 

A general method of obtaining the* halide c'ompouiids of methvl 
and I'tlivl nieoliols is desenln'd in n Oermnii patent ^ 

The alenhol is heated with nii aqueous solution of the halog(>n 
aeid and the eorn'sponding ealeium halide in an oiaui vessel at a 
teinpernturo not abnvo lOO'’ Thus a ginal }U‘ld of ethyl ehlondo 
IS H.ud to bo obtained hv wanning ethyl aleoliol and aqueous hydro- 
c'hlurie aeid (III’ Ho = sp gr 1 152) in the ^irosimce of anhydrous 
ealeium chloride Alternatively, a niixturo of aeid and nicthyl 
or ethyl aleoliol is allowed to Mow continuously into a vessel 
containing heated ealeium ehloride 
Manulacture of ethyl bromide. -For aiia?sthetie 
purposes, ethyl bromide may Ihj prepared by diatilliiig a mixture 
* rrww. CAeai. Soe . 26, 1874. 041. * 1) K. P. 280740, 1913 
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of bul|)luini‘ Hdil (I |Kll't), 'otntilg tilrohdl (1 p.iit, hy mid 

soilnim hnimulo (1* luirtn) Tin* mul is iiiM <ui»‘fiill\ run into tin* 
alcohol, the inixtiin'l)iMnKki'|)t( (Kilnl Aironiiimto K K WcnIoii,' 
the ah'ohol nhoiihl he mixed uith .1 to It) jiei cent of iN v\ elf'll I of 
u.iter Tlki4 IS eonveiiieiitU added in the foiin of ii'e utter (he 
iiiixtun* of lu'id and alcohol ha< cooh^d doMii To (la* cold iiiiKliiie 
the sodium Imnmde, L'oaiscly poudeied, is addi'tl, and thu whole 
very Kcntlx distilled, first on a water-bath and tiiially on a saiid- 
halli, the tempeiatiire iM-iiif; onU allowed to fim* as the distillalioii 
dakken*^ l''thjl bromide dUlils oxer It is piuiliod by waehint' 
with dilute Hodiiim (arhonate sohitioii and driod with filled 
calcium chluride, followed by le-dist illation if necessaiy To 
remove aiiv c.thcT whicii it may contain, the broimdi* can la^ shaken 
up ri'pcatcdly with a small <[uaiitil\ of stioiig siilphnric and - 

A le^s pure pnalucl is nbtmiusl by the mtion of bromine and 
red ]ihosphoriis upon ah'ohol One p<irt of the phosphorus is mixed 
with 0 paits of stioiif' alcohol and d pails of hroimiie utc allowed 
to run slowlx into the mixtun. wliudi is kept usiled and shukeii 
(luuiif' (he addition After standing' for a few houis the mixture 
Is distilled from a walei-bath, (In* tempciatuie of which is raided 
slowly 'I'he distillate is shakem with chhite siwia sohilion to leiiioxe 
al ohol and fiee bromine, and the etihl biomide diawn oil, iiirllier 
IMiiiliod by wasbing with watei, dried ovei calcium chloride, and 
ii‘ distilled 

The; cheimeal rcaelion involx’csl may he e\pic-sst*d thus 

.-.(•jlfsOll : .',Br ' P , H.PO^ ! 11,0 

\l«<iliiil liniriinl'' 

Koi medical purpo-cs I'thyl hroimdc prepared hy the first 
method is |)icfciicd, as it is moie free fnmi iiujiiirilies than that 
made hy the jihosplioius proees-* 

Ethyl hroniide is a colourless licpiid, of inalijif' point IlHB" It 
IS used aa an inhalation aiia>stlu‘tie in miiinr nu'dical ojieiatioiib, 
either alono or mixed witli ethyl eliloridc* or mctliyl cldoride 
It ia aIc»o eniployeil aa an alkylating af'ciit, though !(*» fieqmmtiy 
than ethyl chloride 

Manufacture of ethyl iodide. This is usually prepared 
by the action of iodine on alcohol in the prestuire of red phosphnnis, 
much oa deaoribed under " ethyl bruinide ’* Varioua jinijKirtiona 
of ingrcdienta have been reeommended Thus Wurtz indicat-s 
phosphorus 7 parts, alcohol 3 .j, and iodine 23 , whilat Frankland 
used these in the ratio of 7 ; 35 : 14. According to Beilatein, 

‘ Tmtvi. Chem, 8oe , lOlG, 107, 1480. 


• D.U.-P. C2982. 



334 


AT/YiKOL 


- CHAP. 


1 part i)f rwl plionphoniH w placed in a retort with 5 iMirt-^ of fJO |)er 
cent alcohol, nild then 10 |)artM of umIiiic arc added f;radunlly, and 
the mixture, allowed to Htand for twenty four houi-s At the end 
of that ]ieriod the retort in wariiiefl, and (he eth\l UMlidu distilled 
otT The crude pnHliict is purifiMl h\ unshiiif; first with dilute 
solution of Hodiiiin hydroxide, and then with waliT. after which 
tn-atment it is lined over fuseil eahiiiin chloride, and redistilled if 
rieeessur} . 

VV^uIker’ reeoiurnends the use of both iisl and yellow phosphorus, 
in Kpuil ipiiintities, and obtains alxait .*i7n grains of the iodide foi 
.■MM) jrniins of iodine uk(hI, or !W |x-r cent of the tlii'oretual >M‘ld 
As the dissolving; of the usline in the uh'ohol w tedious, he has 
devised uti arriuigeiiieiit to shorten the tune and lalioiir 'I'his 
eoiiHi'ts esseiitinlly in an adaptation of the priiu iple of the So\|iIet 
extraelor to the purpose. A wide-niouthed, round liotloiiied 
llask, of about 1 litre eapaeity, carries a two-holed eoik into whu h 
are fitttsl an adajiter, serviiiK as nreptaele for th<‘ usline, and a 
Wide side tube, up which the uieohol vapour passrs Tliesr are 
( oiiiieeted at the top with a IuIk* which passes to a lethiv coiuleiisi r 
The iirrariKenieiit h such that when ahohol pinied iii the tlasL is 
hoilnd. Its va]siur passes up the side tube, is eoiideiised in the 
n'ilux eondensiT, falls back on the iodine eontained in the adajtlei, 
dissolve.s more or less of tiiis UKliiie, and eiiines it down into tin* 
llask, where the solution of usliiie in iileohol reait-s with the ]ilios 
piionis present 

To obtain about .ViO j;raHis of etlivl unlide the ingredients used 
arc 5111) grams of iodine, 201) of aleoliol, 3l) of yellow pliosjiborus, 
and 30 of red phosphoiu.s The uieohol and the two kinds of 
phoNphoniM are placed m the llask, with ii few fragmeiits ot )iorous 
tilo to prevent buinjiing, and UK) gionis of the iodine are packed 
tightly in the adapter The llask is then eomieeted up, and heatetl 
on a water-hath to boil the aleoliol Distillation shcpuld not he 
allowisl to pnK'ml t(H) rapidly, as much heat is disengaged during 
the rcotiion. When all the iodine has been dissolved, the lieating 
is eontiniied until there is no longer any coloration in tin* liquid 
due to uxline. The tlusk is then eouled, and a fiesli eharge of 
iodine placed in the adapter, after which the heating is ru-com- 
monced, and the opiTations reiicaU'd until tlie whole 300 grams 
of iodine have been worked up. 

When the reoetion is completed, a small quantity of water is 
pouitHl down the condenser to destroy any pliosphonium eomixiunds 
which may have been fonned. The flask is then detached, and the 
> Tram. Vh»m. Soe., im, U. 717. 
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li(|iii(l iliMtilled off by inoanR of a vntiT-lmth 'IV dititillato. aftiT 
bi'iiig wAHhfd nith uator, Miinniti'd fnmi tho nijiiiMuiH In\iT. and 
driwl, i*« practically pure olhyl icKiidc 
The chief prociiiition to be taken is (he pnt]HT n^ftulation of the 
t<‘iii)N‘ratiiTe when the iinid (‘liarffe of iiMliiie h bein^ dealt with 
Too much heal hlioiild he avoidtHi, and (he lust htu^cs conducted 
alowly iintd cxiierumce hoa luHm gaiiunl 

Mc(h\l KKlide can be ]in‘pured iii a Miiiihir nuuiiier 
In Cnsnier's inethorl of pn'pnrution. tlu* UNline is dissolvc>d in 
liquid paraffin Yellow phiHphoiiih is then iiihhsi, niul afterwards 
ali^hol ^ 

Klh\l iodide Iium the sp I tM4 at 14 . and boils at 72'i{" 
Manufacture of chloral, t'ldond is tncldoniact'tiddc- 
hyle, (‘('Ij ('NO, and is prcpiireil b\ satiiintiiu; eth\l ah i»hol with di\ 
chloiinc The alcohol should be ns nearly iiiihyiioiis as can lon- 
\enicntl> 1 h> obtained prcfcnibty coiuineiiud “ iihsolute ” alccdiol 
The tiiul ])ro<lu(t of the chlorination is n irNstalline luixtine con 
sistiii;j[ iiiuiiiK of chloral ahoholate and chloral, with Hotuc of the 
iiitei mediate (oiti]Hiunds iiiui b\ pnaliicts Kroiii this mixture 
chloral is obtained b\ distdlation with strong siilphuiic add 
The leactioii mvobed in the i‘liloriiuitioii is a (onqilex one It 
Ilia he e\plairi(‘d h\ assuinin|r that the ahohol is fimt com cited 
into .ildehyle, CM, ('HO, whieh is then tiiinsforiued into aectul, 
CM , CH(0 and suhscqiieiitlv into the correspoiiilinf; tri 

(hlonuKctal, CCl, (*H(0 This, by the aitioii of the hydro- 

chloric acid e\olvcd. is then coiimti'd into the chloral ideohohite, 

CCI,( H(t)H)(U(Vl5) 

According to another \iew, didiloro and tndiloro cth\l cthci 
are interiuediutc stages in the n^action, the latter lonipound then 
|inssiiig into chloral aleoholate — 


CUCI, (’HCl O C.H,- -CHCI, C-h/JJ*', „ 

Tnchlorovtliyl I'tlior 


Clilnrnl idciiholHli' 


Formerly thn chlorination was a (eUiouH o|HTation Chlorine 
was jiasMsl into a relatively small quaniit\ (25 kilos ) of absolute 
ahohol contaimsl in a glass balloon, first kept cold, and tjien gt'iitly 
warmed, the proocBs extending oxer wi'cks * 

According to A. Trillat* the alcohol ia phicisl in a largi' glass 
balloon or carboy, eonius'ted with one or more \esM>h containing 


> Bir., 1884. 17, 649. 

* Kosooe and ttchoileinnicr, *' TraAtne ou (.ViniMfry," 8, (i), 639. 

* M. Hot chtm., 1897. 17, 230. 
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water absurlj tlie /{iihi'diis liMlroi hlorn* aeiil evolved The 

( hlorine, prepared hy one of the UMial iiulii'itri.il proeessiH anil 
eiirefiilly dried, ih inlrodneed very gnuliiully, to avoid posnihle 
i^nitKin of the aleoliol Apart from tins ri^k, unless the initial 
tern|M‘ratureisearefnllyeontrolled, the yield of ehloral is diminiHhed 
lhr(iii|;]i the oeeiirn'iiei' of M>eondary reaetmns in the earl> stagen, 
thcnsfore, the vessel is cooled, but later, when the action iiloderates, 
the carliov is gently heated, at first to (Ml and tinallv to KNI' (hi 
the eoinpletion of tlie reaction the li(|ui(l la'cnnies wholly soluble in 
water, and .Ks^uires .i s|H'C](io gravit v of alsmt 14 In some factorii's 
till! ehlorinalion period evtends over lb to U tla^s Certain Hib- 
stances which act as chlorine carriers wgulaiisi' the leai tioii ipiite 
notably ' thus iodine in the pio|N!rlion of 1 ])it eeiit of the ah oliol 
has been reeoinnieiided for this pin pose (Spiingnnihl) 

Tlio eriide prodiiet is transferred to an enamelled distilling vessel 
(or to a lend lined eop|H'r still) fitted with a rellux arrangement and 
provided with a good tliermoineter for fractionating piir]M)ses An 
cipnd weight of slronu Hiilplninc acid is added, Iitth* hy little , .nid 
the iiiixtinv IS tlien healed to the hoiling ]M>mt in order to expel 
h^droehlonc acid and other impiiiities, smli as ethvl ihlonde 
After the evolution of the gas has eeaMsl, the residue is distilled 
until (ho tompcraluie of (he vapoiirt riM's above lIHl' 'flie i hhual 
passis over at ahoul b7 

To remove tlie last (raws of and, the di&tillate is n'ctifusl 
(preferably over ealriiini carbonate) , the fraction [lassiiig over at 
IM® and upwards eonslitutes the ehloral This is then converted 
into ehloral liydiati* hv inixing it gradually with the theoietieul 
]iro|)ortioii of water, miniely. 12 2 piT cent of its weight The 
mixture becomes wiiim through the reaction it is well stirrtsl uj). 
and the nxsultiiig hvdrate either spread out on a smooth siirfaeo 
and allowed to siilidifv, or else further jninluHl by iTvstnllisatioii 
from ehloniform, la'ii/me, or other solvent (see Isdow) For 
I'xamtile, the still warm hydrate maj be mixed with oiie-tliird of 
its vuliiiiie of ehloioforni, and allow c<l to cool in closed n'coptiieles. 
After about a week the crvstullisatiuu is complete The crystals 
aro drained off and dried at the ordinary toni|)erature. whilst the 
mother-liquor iwrves for (Tvstallising further quantities 

As nlnmly iiidicateil, the chlorination on a Binall scale by the 
older methoilH is a Iciigtliy process. In recent years, however, the 
oivcrations have been much shortened and clieapcned by working 
oil a larger scale and with improved methods.^ 

The cliloiinatioii vessels are of 2,000 to 5,000 litres ea{)acity 
> Ulliuuin, “ Kniyklop. der Tcclui I'hcin.*' 3, 40li 
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(44<» ti> 1 nia<le of lead'linnl iron, anil fittw! «itli ooils 

by ineaiiR of whioh they may hi* hoatiHl or oimlwi Thry an* lilloil 
two-tliinN full with alcohol. The chlorine employi'il is inirificd 
liquid chlorine supplied in steel evlinden*. or. in soiiu* caseH. chlorine 
produced in eloctrolvtic alkali works is used diriTt It is led info 
the hot tom of the \csse1. and dibtiibutinl in fine jeth h\ means of 
a ppri'adin^r arrangement The sujqilv is delixeri'd under a gentle 
pressure, and any chlorine not alMorbed can imish into a sciond 
chloriimlion \eHsrl In fact it is usual to instal n scric.s of vessclh, 
witli a rclliix Miiidcnsing niiinigcmcnt hetwei'n caih two, so that 
no cidoiinc i.s hM. and the hxdriHhloiic acid \iipouis being ficed 
fioiii iincombiiicd chlorine, can be contleiiscti and recovered 
a.s ]airc a<id The hUjqily of ihloniic is .so icgulatcd tliat the 
(lilniinatiiin in the first vcsh‘1 is hiiMied in from two to three 

d. ivo 

In the eiiilv stage.^ the tetn|H>riiliiie is kept low bv ineaim oi the 
Water cods It i.s then allowed to rise, lirsi to oti on the M>eond 
dav , and liiiallv , on the thinl duv to (to" The prisliK t aeijiiires n 
spei lib gr.'ivitv of about 1 .11 by tin* time the iqNTiilion is eom|>Iete, 
and viebN at least 71 per cent of irude diloral when a sample is 
tested by di'-tilliilKiM with hiilpliiint aeid 

The .sipiuation and puiiflcMtioii of the ehioral uie earned out 

e. s.senti.dl\ asnlnvidv *les<Tib(sl. 

Cliloi.d IS an oilv liquid of ebar.ieteristie p< netintiiig odour, 
boiling at 117 ami of s]) gr 1 512 at 2<l A lertain qiiuiitity is 
used fill the prepaintioii of hypnotics, hut inoMly it is ciniilo\ed in 
making chloral hydrate 

Chloral hydrate. When treated with water, ihlond evolves 
heat and iiiiit'-N with the water to form a iTvstalliiie hvdiate, 

iri,ni(()II)j 

The quantity of water iie(e.ssar 3 for this ehuiige is added slowlv, 
to avoid tiKr much development of heat Orio hundrerl parts of 
chloral n'quire 12 2 jraiiH of water, and yield 112 2 parts of the 
hydrate To obtain the purest pniiliiet, th« solid thus obtairu'd is 
recrvstallised from benzenn, chloroform, carbon disulphide, or 
petroleum ether as aln‘a<ly deacribed. A inixturo of ethylene 
chloride and ethidene chloride, obtained as a by-product in the 
manufacture, has also been used for rocrj-Htallisiiig the prorliict In 
onlcr to get the hydrate in the fonn of cubes or plates rather more 
than the calculated theoretical quantity of water ia added to the 
chloral, slowly and with energetic shaking, which is continued until 
the milky, syrupy mass has quite cooled down and set , this treat- 
ment obviates the formation of lumpy mosses. The prorluct is 

' z 



338 AUCOROL tM,' 

epreail on pfjrccluin plutoH, cut into cni>rH, and dried in a drying- 
chamber over Hulphuiie acid. 

Manufacture of chloroform.— ('Idurofonn Ih maiidy 
obtained rommcrcially b} the action of Ideiudiin^ lewder on alcohol 
or on acetone ItH technical preparation i^ dcHcnhed in Chmikrr- 
Zeitvny (188h, 10, .'138), an foilowa. 

The bleaching powder aetH partly ax an oxidising agent and partly 
as a chlorinating ag<>nt. lirst converting Che alcohol, through varioua 
interinediaie stagcH, into chloral, CCljCHO Tliis is then deconi' 
pOHisl b) Ihc cnlciutn hydroxide of the bleaching pouder into 
chloroform and calcium formate.— 

2(V'H() I (V(OH), 2CHCI, f (‘a((>CII())j 

CIilnrRl. I'lilrmiforni Cali'iuiii foimaif 

On the large scale, expcnence has shown that giMsI results aie 
obtained by taking 4 pails of bleaching powder, .'1 parts (d alcohol 
(IMl jM'r cent ), and 13 jMirts of water, so that then* arc JO parts of 
liquid to 4 ]>art« «)f solid The hleaehing j^wder is preferably of 
strength 32 5 to 34 .'5 p(‘P cent available chlorine a lower strength 
is liable to diminish tlie jield through pau(il\ of hy|> 0 (hlopite, 
whilst a higher develops t(K) much heat 

Fn one form of plant, designinl to give u daih output ot 12» kilu.s 
of chloroforin, tliert* are four generators, in which the reaction 
takes ])Iaee Tlmse are e,\Iindrienl iron ves.'a-ls of diameter 
2 metres and lieight I 4 metn>s, littwl with stirrers, inh*t tubes for 
ati'ani and water, manhole for charging, and outlet to a condenser 
A water tube outside the generator allows of the latter being cooled 
when iieeo.HHary by Hiishiiig its surface witli a little water Tho 
chargi' for each gi'iieriitiir Ls 30i) kilos of alcohol, 400 kil(»s of 
bleaching powder, and 1,300 htres of water. 

The alcohol is first jilaccd in tlie generator, and then the charge 
of w'aler (or the alcoholic wash- water and distillate from a pre\ious 
operation). The stirrer is then set working, the hleaehing powder 
added, the inanliole elose<l, and the vessel hcati‘d by steam until 
the temperature of the. liquid reaches 40''. The steam is then 
shut off, whilst the stirrer is allowed to work on until the tempera- 
turo, w hieh continues to rise, attains 45". After stopping the stirrer 
the mixture slowly heats up further through ehcmical action to 
tH)" : if the tem|ierature rises above this the vessel is cooled 

The course of the reaction can bo observed by means (rf a glass 
tube which is let into the connection between the generator and 
the condenser. A fine rai^ of chloroform, alcohol, and water ia 
st^en in the tube ; this lasts a few minutes, and then tho chloroforin 
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begins to pass over in quantity.^ When about AO kilos have dis- 
tilled, the stimT is again wt in motion until ehlomfnrni ream's to 
aefiarnte in the reeciver, which is then ehniigetl. 

Tlie furthiT diKtillnte, (‘onsihliiig of alcohol KAtiirnted uith 
(hloiofdnn H cdllectcd se|iara(ely When n Munple shaken \ntli 
water gives no tiirliidily the whole of the chloroform is over, and 
the dihtiilnte is now eollirti'd njiArt until the nniiiings sliow' a 
siM'ciiie gTAMty of ttlsmt This last distillate eonsists of 

5(M1 to (MNl litres of very diluto alcohol . it is lim'd again in making 
up ii fri'sh cliurge 

The chloroform thus obtsinisl is piiriliiMl from alcohol and ether 
h\ washing and n'ctilii'ation The washing apparntiis (‘onsists of 
11 Hill row veil leal eUinder fitted with a seri'W agitatoi which gives 
a motion of the liipiid from helow* iipwanls Ta|)H are placed in 
the sidi‘ to allow of the alcoholic washings iN'iiig run off Alter 
the (hloiofonn has las'u wc'li waslusl in this vessi'l, it i.s removeil 
and reitilii'il hv distillation in a eop(N*r still On an average, 
OHH kilos of ahuhol (tlfl |kt cent.) and ],t)2l kiliM of bleneliiiig 
powder are requinsi to fiiniish UK) kilos of ehloroforni. 

Besson's process gives a gcsMl yield of u piiro ehloroforni, ami is 
a n^eflll means of iitilisiiig waste chlorine in hleaehing powder 
fact* lle^ and eleitrolvtie alkali works 

Chi* If me IS |NLssed into strong alcohol until the density of the 
liquiii leaches lie (sp gr. 1 32) I'wo layeis iiro forrmn], the 
heavier of vvhieli inen'oses graduolly until the chlorination is 
siinieient, when the liquid limnnes hoinogeneous A mixture of 
hleat'hing (Miwder, milk of lime, and water, in the n'spiH’tivc pro- 
[HiitioiiM of 1 20 parts for 1 part of alcohol (by weight) is then 
added and the whole distilUsl According to K L'kita,* (ho yielil 
thus ohtaimsl ls from 95 to flH grains per ItN) grams of alcohol 
tin a large srale the process is made a coiitinuouB one, which is 
a gri'at advantage The alcohol is chlorinated in a vessel arranged 
somewhat on the pniu'iple of a small Coffey’s still, and containing 
a iiumlier of perforated shallow trays jdaml one above the oilier. 
Kntenng at the top, the alcohol flows over these' trays and meets 
a stream of dry chlonnc, so that by the time it reaches the bottom 
the chlorination is effected. It then posses through a cooling 
^orni into a vesw'l containing the bleaching powder, with which 
it is inixf'd. The mixture is next driven into a larger vessel heated 
by steam coils, where it is treated with the milk of lime at the 
pruiier temperature. The resulting chloroform vapours pass out 
and are rectified. By means of a screw worm, the mixture travels 
* J. (Jh€m, /luf., Tvkyo, 1910, 21, 219. 
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fi;ra(lua11y from tin* entrance at chip fnil of tin* larppr \ph8o1 lo the 
exit at llip ntliiT uiul, and the fewlinc of Uh* 'iupplies is regulated 
so that the prorcHs (an ^'o on (‘oiitiniiniislv. The vield of cliloro- 
fonn is said to lie or» to lOo parts piT 1(K) parts of alcohiil * 

K W Frrriihs® m\cs a dt-tailcd dpsiriplioii of p\|H‘riin(‘iits 
made uith a view to irnpiovp tho \ipld ol cliloroforni obtained 
liy the ordinarv aleoiiol pioeess The nietloHl ret oin mended is as 
folhms 

One bundled and (uent\ j^allona oi iM ikt (i‘nt ahuhol are 
eharged iiiti) a \ertieal still (ti ft diameter, liei^ht K ft ) topethrr 
with siiOieieiit water to dilute the aleohol to 20 per eent streriffth 
ill a vi'ssel plaeed above the ^till. and jiroMded with an aKitalor. 
a (plant itv of bhsu-hin^' powder (spii\nleiit to ] .VN) lb at lio jut eent 
strenjfth is mixeil with water, the aiiioiint of water used bemj; 
Hulfieienl to hrin^ the diluted aleohol m tin* still down to Ml per 
eent stnmpth After heatinc (he aleoh<»l to boiling b> means of 
steam, the hleaehmji jiowder solution is mtiodmed, m small 
(piantities at a time, through a pipe leaehmg nearU to the hoi lorn 
of the still The whole ehaige fills the still to less than three fouiths 
of itH total eapaeit^ 

The nsution sets in at oiue The eJiloroloim is distilled off and 
collei’ted, the Iiimt of a(|ii(sius alcohol obtained in t1i(‘ nsssver 
being run oil into a large \esse1 for use m the ii(‘\t charge 'riu* 
iiV(Tnge \ield ohlaiiied o\ei an e.\(eiisive jieiuul eoiies])ond(‘d with 
UH) Ih of ehloi'ofoi m fiom 1 1 22 gallons of P4 per ei'iit ali'oliol and 
1177 lb of .'lo ]iei lent bliaeliiiig juiwder, tlie (oiisumjition of steam 
being 2 tons al a pressuie ol Sti lb 
( 'lilorofoi 111 IS \er}, lnrgel\ iiiiuh' fnuii metone and bleaching 
jMiwder, the prmrss being \erv similar to the alcohol method" 
Whether acetone or aleohol is used dejieiids upon the relative (osts 
of till* two in eomparisoii with the uekls obtained Acetone gi\e.s 
the belter jield, and a few }ear« ago lind hugely sujijilantod nhohol 
aa a raw rnatenal for eliloroforiii , but the position aftei wards 
lieeaine reverwd, on ueoouiit of senreit_\ of neetoiie. 

In this country a certain niiuniiit of ehionfforin is uiiule from 
duty-paid " nrlilied ” spirit , most, however, is produced fnim 
industrial uirthylatcd spirit, or from acetone, as the case may be. 
In (Mirlieular eireiiiiislaiiei-s. sjieeially denatun'd diitj-frco sjarit 
hoB been employed, tlie deiiatiiranta In'iiig. for example, bleaching 
powder and methyl aleohol If suflioiently purifiiHl, the products 
obtained are almost indistiiigubhable one from another ('liluro- 

* I) K -r . l-».»237. * J. huL Kng ('Arm , 1912. 4 . 34S. 40(1 

' Srtiltln, I'hurm J , ISMil, [iiij, 80, H4. 
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fiiriii projuiri'd fnnii uU'dliol. liouevtT, iV lialilr (o (-(iiiliiiii a iMiiiiilt* 
quantity <»f <‘tliyl I'liloruU’,* ami that from im‘lh\lati*i1 •spirit trarch 
of motliyl ('oinpoiinda 

Wlirti iiitciidi'd for lisp as an aiUHlImtic, tlip i hlondorm is fuithiT 
piiriliod h\ ua.'shiii^r with wntiT. tlipii with ddiilc sulphiini* acid, 
ami aftciuaids vith dilult* hodniiii Indioxido siilution or liinc-walcr, 
and um-t' ai;nin ^Mtll water only J'liinllx it is diiril with fuM'd 
calcium chloiidc and n'-distilU^d 

I'lirc chlorohirm hoils at til . and has a s]H‘<ilic f;ia\il\ of 1 oO 
at l.'i.')' It IS ]iio)ic, houcMi, to d(ciimp(iM‘ sli^htU uiidt'i tin* 
ai'tioii of air and Imiit and a small quaiiti(\ ol alcohol is u,suall\ 
added as a |)i( siT\ati\c This allcits Imth the Npccita {^laMlN 
aiicl (lie lioilim; point Tin* Ihitish rhaiiim(‘o|>o la ie(|Uiics :! per 
(cnt of alisoliili' alcohol to added, and uinch the spciilic f'ia\it,\ 
of the ollii lal (hlorofoiiii as 1 1S3 to I -IKT, with a hoilin^ point not 
below tut ' From J to 1 per cent is often added to non othcial 
ehlorotorm, luin^m^ the sp er to about I •ttto 1 
BromoforiXl. 'I'ins is the bromine nnaloKue ot ehloiofoini 
and has the formula ('ll Hr, It tinds some icMricted apjilication 
as an ana'stlutic ami foi othei iiiedidnal purposes Like ehloro- 
forin, it ma> la made fiom iitlni ahohol ot acetoiu A( cording 
to [e liiues - a \ leld ot To ]ie] c< lit iiiav be obtained b,\ a< tin^ ujion 
a mi.xtiire of acetone (2(t) and soda l\e (10) with bioiiiine ( 2 ) Aftei 
tlie teat turn is o\cr, inoie luetone is addul (1 volume) to destio\ 
till* liipobromite pnalmed The hcav\ bromoform whah Hejiaiates 
(sp gr 2 ’)01 at 15 ) is run oil and ]Miii(ied b\ washing; and distilla 
tion It bolls at lot' 

Kiom alcohol in an analogous manner bromoform may be ])reparcd 
b\ the simultaneous aitioii of biomiiie and jiotussiuin h\dro\idc, 
and also by elci troKsm^ a solution of potassuiiii bromide in alcohol ■' 
An aqueoui} solution of aietoiic iiuu lu substitutcil for the ahohol 
in the el(Tlrol,\tic jiioccsh a qmiiititolne \icld is obtaiiu'd ' 

Manufc^cture of iodoform. At the ]ireacnt da\ iniieh 
of the iodoform jiroduced is made b} an electrolvtic inL'tliod, 
aa deaeribed further on Formerly, liowcxer, it waa exeliiHively 
prepand by warming a mixtun* of alcohol, icHline, and hodiiiiii 
carbonate or hydroxide l^ter, acetone often replaced the 
alcohol as raw material 

The earlier pnaesn, (ir one form of it, eonaisteil in heating gently 
a mixture eompoaed of alcohol (05 iier cent.) 1 part, iodine 2 parte, 

' Wadf* and FinneinoFc, Tran/i f'/tfin Sor , laflf, 89 . Dl'i 

* .7 PAartn Chtm, 1891, 84, 24:) ■ .St hiriiiK,*!) It -I' J9771. 

* ZeKieh. EMfroehem., 1904, 10. 409. 
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|Hit»MHiiirn cHrlNiiuiti* 2 partn, And wntor 5 |NirtM, until tin* 1ir|i]i(] 
bpcHinc colourloMH Tin* hriffht yellow, Rcaly precipitate of iodoform 
thuH obtained wan rinwHl upon a waHhed with w'ater. and 

<lric'l III the air 

Tin* yi(‘ld tliiiN oldiuned, houever, iH only about 17 ])i‘r cent of 
that corn'siKindinK theorotically with the iodine ii'MmI iSoine 
nve-sixIliM of the iodine remaiiiH iineonverte<l into KHloforni 
iiiiiinly in the filtrate, though a little is loat in the foiin of eth\l 
iodid(> vapour 

Tn order to utili^i' am intidi of the ifKline ah possible, vamoiih 
iiiethodH have been devis(‘d The filtrate eont.iinN the iodiiu' in 
tlie form of potAMsiiini iodide and itMlate Addition of n mineral 
aeid liberateN the iodine in aceonlAmT with a well known reaction , 
and, further, anv exeesH of polasHiiini iodide still Temaining will 
yield its iodine on triMtinent with )iotas.Nium bidiromale and an 
iieid, or w'ith chlorine On these prinei|)loM U Rot her' based the 
following method 

Thirty-two parts ot iiKline, 32 of |N)taHHium eaiboniite, Ifi of 
ah'ohol (Ik") per cent ) and H(l of w'ater an* mixed m a eoinparati\el\ 
large (lask, and warnusi in a water lintli until the solution is de- 
eolorised The clear iMjiiid is now deeanted and th(‘ pre(‘ipitiil(‘ 
rinsed, with tin* addition rif a little water, upon a eapaeioiis iiltiT 
The decanted lu|Uid is now tnsitwl with hydrochloric acid, added 
gradually nt fust, an excess of Iti to 24 parts lH>mg emplo\ed 
together with 2 to 3 pails of |M>tiissiuin bichromate, to libeiate the 
iodine After a few nioiiK'nts, potassium carbonate in caiefully 
added till the solution is neutralised, and then a further (|unntit}, 
32 parts, of the I'arbonate, together with 6 parts of UNhiie and lit of 
alcohol . this mixtui'e is again digeated in the water-bath, and when 
ofifervescenee has ceased in the green solution, the hujiernatant lupiid 
is ]) 0 UTixl off from the iinnupitate, and further treated aa before 
The separated iodoform is rinaed into the filter with the first ])iofhict. 
and when thn^ojMwationH an* finally dim'onlinued t^i' collecti'd 
er\stals are well wnslusl with water and sjinwd out in th<‘ ojien air 
to dr.i 

'riiua the jwoeess ina) be continued indufinitely, or until the 
acenmulation of salts iHvomes inconveniently large 

In another method, suggested by Filhol,'^ rhlorine is used tn 
recover the combined iodino. A solution of 2 parts of soda-crystals 
in 10 parts of water is mixed witli 1 part of alrohol. the mixture 
heateii to 00-80''. and 1 part of iodine added gradually The 
heating ia eontinuixl until the solution beooiups decolorised After 

* /*Artriii. J., 1874, liiij, 4 . 803. * J. Pharm. CAim., 1845, [iiij, 7> 387. . ' 
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the precipitated iodofwm has lK‘en filtered off. the tiltrntc ia mired 
with another charge of aodiuin enrbonato and nliohol. heated up 
again to the temperature atated. and a stream of chlorine led in 
This liherntos more iodine, which again reacts with the aleohol to 
give a further precipitate of icKlofomi The jwocess ia n^peated 
until the product ohiainc*!! reprcsimts approximately one-half of 
the original amount of iodine. 

()/.one is em])loycd in Ottos proci'SH for obtaining iodoform ' 
A mixtiiK' of 100 kilos of water. .*100 of alcohol. 10 of soflium 
carbonate, and oil jif (Mitassium kkIhIc ls wanned to .“>!>• and (tzoiie 
pnssfd in until the whole of the UMlide is decomiHisid 

III the elci trolytii- process iodoform is ])r<Nlun'f| by electroh sing 
a solution of an iodide in the presents' tif alcohol Acetone or aide- 
h\de (All also be einphned Ai'coidmg tti KIbs and Her/.,® a 
Koliitioii of 111 to 15 paits of siMliiiin eiirlHiiinte. |0 of potassiuiu 
iodidt* 2b of alcoluil, anti |(K) of water is suitable, this is healed 
to 7b ' and electrol\scd, using a platinum anode and a iiieki I cathode, 
and a current dcrisit) (anodu) of I am|MMe ]K'r sqiinri' decimetre 
The iiirrciit is iiasscd hir twti or threi* hours, and after several 
hours the resulting KMloform cexhtnllihcs out It is nmiOM'd 
peiiodicalh, and the Hohition made up again to its original comptiM- 
tioii b\ tlie niMition tif MKliiim ciiibonate, potassium iodide, and 
nlcoh<»l A jMiitius cell is used as diaphragm nmiid the amsle 
According to Forster ami Mcw'cs,® the nHluctitui of thi* i(Mloform b) 
the hydrogen geiicratetl in the electndvsis is iiisigniticant J’areli- 
ment papiT round the katluxle can replace the usual c’lrtheiiwurc 
cell with advantage, this decreases the roHWtance, and less elei trical 
energy is consumed It also heljw to pn-xent the formation of 
lodate, by keeping the ]ibcrat(*rl eaustie alkali from eonlact with 
the KHlinc set free at the anode A Htreaiii of earhori dioxide should 
he jAHsed through the aolution to neutralise tlie eaustie alkali 
formed, as the latter tenda to prexent the formation of uKloform. 
A solution indieaUnl oa anitahle in the.se circumstances is i onipoacd 
of 2 part^ of ealcined sodium earlioiiate, 2 of }>otasHiuni kkIkIc, 

.5 of aleohol, and 20 of water, the eleetnilysis being i‘arried out at 
50-70'’. The current- density at the phttinum anule may be from 
1 to 3 amperes per sq dcin , and at the platinum kathode 4 to 
8 amperes 

The most probable equation representing the formation of 
iodoform oleetrolytically is considered to be .— 

C,Hg OH + 1,0 + CHI, + CO, d 7HI. 

> D.R.-P. 109013, 1809. ■ ZaHkH. Ekkinehem, 1897, 4. 113 

> Ibtd., 248 i J. pr. Chfim., 1887, 58, 353. 
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Tho iodine urirtert from the aetion of iiatu'ont ox,\Keii, Iduniied at 
tlio anode, upon the potnHHiiini iodult* proHcmt 

Advantapes cIuiiiiL'd for the eleotrolytie pnKPHH are that it 
utilises the iiKliiiu lietter than does the chemical proresn. and piveH 
a purer pnuluct 

Iodoform ia ii yellow aohd melting at 119", and poascssing n 
|MMMiliur, cliariiet eristic odour It is largely used in surgery as an 
antiseptic In this country it is chiefly made from indiistrial 
inoihyluted spirit 

Manufacture of ethyl acetate (Acetic ether) A 

geriernl method for <ihtnimiig the ethU esters siidi ns formiile, 
nceliitc, Imtynite. etc , is to distil a iiiivtiire of alcohol, n salt of 
the acid in ijiiestion, and siilphiinc acid Tiistisul of the salt, the 
ai'i 1 itself IS oft 'll used ICthyl acetate, in fact, is usinilli on the 
large KCiilo made finm alcohol, acetic acid, and sulphiine mid, 
sodium acetate is less frequently employeti The sulphuric m-id 
may he omitted if n suitable catalyst is used When both acids 
am employed, u satisfiietory mixtuie is alcohol (Ho per cent ) 
ti vols , acetic ncid 4 \ols , siilphurie acid 5 vols.* 

The mivtiirc of alcoliol and the two acids is distilled fiom ii vessel 
lilted with a fractionating column, in whith n certain amount of 
reetiticatioii lakes place The issuing vapours, consisting of the 
ester, free aeetie ncid. alcohol, and water, pass througli ;i vessel 
eontainiiig a suitable baste siibstaiiee to retain tlu' free acid, ot 
most of it, and then into a uondeiis<>r The distillate is eolh-i ted 
in nveivers fittinl with stirn'rs, in w’hich it is washed with water 
and dilute alkaline solutions to remove alcohol and any aeid lhal 
may have eseajied eliiiiiniitioii in the first vessid It is thru dried 
over enlciiiiii chloride and rectified by redistillation 

On a small scale the following procedure, described b} Dr 
Inglis Clark," may be adopted 

Place 2R3 e e of leetitied spint (sp gr 0 838) in a lojipei or glass 
Hask, and into it pour the same volume of snlphune acid, with 
stirring, and keeping the flask cool. Allow the mixture to stand, 
and when its temperature has fallen to about loo", gradually 
add 351 grams of dried sodium acetate, with constant agitation 
to ensure thorough mixture, keeping the flask as cool as jiossible, 
and eoniiceting it with an inverted condenser to avoid loss When 
all has been addinl, reverse the condenser, and distil the contents 

^ 8eo, liowi'vor, Si'miaiviiH mul Aljoulfiic'ti ])ruct'Bi, uiiilcr Kthyl KoriiiHtc 
]). 348 

^ Phnnn J , 1883, LiiiJ, 18 . <77 sl«o Wmle, 7'riiri« CAriii. .Soc,, 19e<>, 
87 , 1058. 
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«»r tlif Mask hy iiifaiis of u nnknl llaiiu* or a mikI li.itli till llM) c ,■ 
have pahst'd over Digi'at tiu* diHtillutc for Ihrw da> s w ith A7 grains 
of frcMhly-dric-il potnasiuni (.-arlMmalo P'lltcT, and distil tin- liltriilo 
with the* aid of a valpr-hath, Rto|i]iing tho dislillation licfon* tlio 
Inat 30 (' V havi* passed over 

Clark reinaikM that the exee^s of sulphiirn' and eiiijiIo\i*d seeurea 
the ahsem-e of alcohol from the ilistillate. mIhIsI the lotion of tins 
excess on the ethyl acetate fonmsl is iiuniini.K>d U\ securinji thonni^di 
mixture before U|i])l\inK Aleidiol hein^ ahsent from the 

distillate. It Is onl\ necessary to ueiitiahso and fnc the ester fiom 
watei h>r this piirposi*, potassium earhonnte is lecoinmended 
as hem^r most, eoinenieiit on a small scale hiil siMliiim aisdate is 
('(jiialK clhcicnt 

l^m^ the ({iiantitics stated uho\e, theie were dislill<>d otl 
lOo (c, which contamed 33K7 pi.iiiis of i>th\l acetate The 
sp ijr of the distillate was 0 012, after vuishiii); the estei with 
water and dijtcstinn with potassium carhoiiate, the sp pr was found 
slowlv to dimmish After tliiil\ hours it was 0!M)23 when it 
lontained Mil 30 of real acetic ether 

Tiire etlnl accl.ilc Cllj (’0(1 (’^H„ luais at 77 2 , and has the 
sp pr 0}MI72 at l.V'lo Commenial “ acetn- elhir” oltim 
eontaius 2.”) p< i cent or iiuuc of inipuiities, eonsistin^r mainl\ 
of w'ater, alcohol, at etic acid, and ordiiiiir\ ether At etie ether H 1* , 
iiseil in [)harma»’y, is required to contain not leas than !MI pet cent of 
ethyl acetate, and to havi- a sp. pr OMOO to 0 007 

111 this country pure acetic ether la mpim'fl tf» he niado fn>m 
diit>-p.iid alcohol, hut a denatured proiluet in allowed to he 
jirepared from speeiall} -denatured indiistiial alcohol 'Hie de 
natiiraiits sanctioned vary aetorfiing to the eireiiinstaneeR eg, 
aeeordmp to whether the I'thitl acetate is ti> 1 m' uscmI, on the premiM-H 
where if. was made, as an intermediate priKliiet in the prejiaration 
of other eunipoiindf). or renio\(*d for sale as a H<ilvcnt, etc 
Ethyl acetoacetate (Acetoacetic ether). 

This jiroduet w used in making certain sMitbelu elieiuicals, of 
which the moat imfsirtant (omuiereially is antipyrine, or metliyl- 
phen\ IpyraKolono The ethyl acetoacedate is pn'pared from acetic 
ether li\ the action of inetallie sodium, followed hy treatment with 
acetic acid. On a Niiiall scale, the procedure is as follows • - 
One kilogram of acetic etlicr, carefully dehydrated with calcium 
chloride, is placed in a large flask (2 to 3 capacity) fitted with 
a reflux condenser. To it are added 100 grams of sodium cut into 
thin pieces, the flask lieing cooled meanwhile. An energetic reaction 



340 


ALCOHOL 


■ . ■ 'vr 

CRAP. 

cninineiHTfl, cuuMin^ (lu* liquid to ImuI AHct tlii' reaction has 
miMlmtcd ami no more boat ut evolved, the mixture ifl heated on 
a watfT-lmth, iiHing the retlux eondeiiHer, for about two to two and a 
half hours, until the MMliiiiii is all dissolved The eondenwT is now 
reversed, the excess of tt<‘etle ether distilled off, and to the warm 
residual liquid 050 j<rains of 50 per cent iieetic acid added, the 
whole being well inixeil After eooling, 500 c c of water are ]M>unxl 
III, and the inixiun^ again well agitated On standing, the aceto- 
ncetie ester separates out as an up|NT laycT It is drawn off. wa.shed 
with a sniall <|(inntit,\ of water, seiiarated from this water, aiul 
fractionally distilbsl Fi\e fractions are collcsdcd, ((trrc'spoiid- 
ing svith the tempcraturi's KNt lilO-lOo I7.i IH.5 2(NI ; these 
fractions are then lefractionatisl twice Tin* final product boiling 
bc'twccMi 175 IH.I'’ is nearly jmre clh\l nc'ctiwcetalc the Meld of 
this should lui about 175 grains 

Tfie production of ethyl aeetoaectatc* on a larger scah* has lassi 
descrilic'd in detail b\ A (\)biMi/d ^ 

Ry means of a eiiltiiig dc'viee, imiimrscd in whsu', the sodium 
IS obtained in >ery thin slices or shaxings \ large Mirfiue of the 
(lean bright metal can thus be exposed to the action of the acctii 
ether Sodiuin encrusUsl with o.Mclat ion- products should not be 
used, ns the moisture liable to Im» presiMit ina\ give* rise to irregu- 
larities in the nviction 

Thu Hcidmni is meltcsl undc'r \\l('ne and cast into cNlindrical 
blocks for convenience' of cutting A eog w I utI inc'chamsm brings 
till' block against a hori/oiitid cutter, which removes a .slice of the 
metal at eauh nunement. 

Thu aec'tic ether must Iw quite free from water and alcohol ft 
sluaild boil hetwecMi 78’ and 711“ , and bright slices of metallic 
hodiiim immersc'd in it ahoiild n'lnain nnattaeked for at least two 
hours. 

For till' reaction o|)eration, ii hemispherical eoiiper vi‘.sscl of 
fiill,\ Hid litres enpneity w employed It is lu'Ated by an oil-bath, 
and IS provided with eop}M'r eoila by iiiiNins of which it can either 
he warmed with steam or I’cmled with water, as may be required 
'I’o allow rapid introduetiun of the sodium, the M'ssel has a wide 
manhole with a lid which can be easily removed < treat cure is 
imeessarv in the charging, to avoid accidental access of water. 

Tho reaction-vessel is connected through a copper condenser with 
a reeriver, from whioli the condensed acetic ether which distils 
o>er in the early stagoa can be ] tossed back to tho reaction-xTssel . 
08 desired. This aervea not only to restore the sup{)ly of acetic 
> 1914 . 88 , 065 . 
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•■Hior, Imt ulsi) to motloralr ini* iiftimi l»y rcduriiijj Iho 
of the mixture Caro id t-aktm that the reaction-vessel is i)prfeetl\ 
dry before charKing, and that no wat4»r ran enter in the Hiil»mM|iient 
filages 

Forty kilograms of acetic t‘ther are placed in the cold \ easel, 
followed by 5 kilograms of sodium shavings lU means of wooden 
s|»alulas the latter an' quickly immersed and distributed The 
apparatus is then ilosed, and the oil-bath shmly heated to lOfr, 
hut not abou' 105 The tem|H‘rature of the mixture in the \essel 
IS n'fonh'd by a theniionieter ; it should only rise slowly. If there 
IS a rapid rise, it iiidieate.s on irregular raaetion, probably due to 
w ater or alrohol pn-wiit in the ingredients, or admitted inud viTteiit ly 

W hen the temperatiin' of the mixtiin' reaches 4.'W)0'', the lieating 
ii stopped The nMrtion, however pmemls, with increasing 
temiieratun' until the boiling jaiint of the aeetie ether is nltained 
(7.S HO''), when thif' ingredient iN'gins to distil over The oil hath 
ti'inperutiiro is ikiw kept at rm -CM) When nniheient distillate has 
(olleeted 111 the receiver, if is run bark into the reaetiiui-vessel 
The tem]s'rnliire in this ves«*l should not rise nlmve 82 S!l 

.\fter nhont Hr- l.T minutes the distillation slaekeii'' When this 
nee us. i\tiMii.il heating i.s again applied, in such manner as to 
maiiM nil a mtn slow distillation of aeetu- etlu-r dining the next 
5 fi hours, hy the end of wliu’li time the reaetion is 
completed 

The eontents of the re.ution ve.ssel, eoiisisting of sodium ateto 
jeetie ester, sodium aleoholate, alcohol, and excess of aeetie ether, 
are ju»w foned out info another xensel, lend-liiied, and provirii'd 
• with a stirring-apiiaratiio Thi'* xesscl <'oiitniiiB 35 Iitn's (»f water 
for e\ery ■'» kilograms of sodium eiiqikixed, together with the cahu 
kited quantity of aeetie and reqiiircil for eiiiiibining with the ‘•odiuiii 
After half an iiourk mixing, the liquid is passed into a sejiarator, 
allowed to settle out diinng W'veral hours, and flie lower nqueoun 
la\ er thni run off 'Fhe uji|kt layer, consisting of ethyl aeetooeetate 
« mixed with alcohol and aeetie ether, is distilled until the boiling 
point rises to 110’, thus separating most of tlu» aeetie ethiT and 
alcohol The n'sidue of crude ethyl an'toaeetate is then rnntifierJ 
hy distillation under mluced pressure in a strong vessel of tinned 
<-opiKT, heated by an oil-bath At 10-16 mm. pjx'ssurc tho ethyl 
aeetoaeetat4» distils over between 86" arid 92". Between the eon 
ilenser and the receiver a sampling device is in-ierted, so that the 
specific gravity of the distillate ]iassing oxtf can he ast'ertairied , 
thn limits 1-030 and I -010 indicate the fraction which is inllected 
as the final product. 
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n*qnin‘[1, sinco tho HiiccfHri iiF tho riuK tioitH depcruJH larfEply upon tlic 
piirily of tho cdtor Thr hittor hIioiiM \ipld not more than 
4 prr rent of distillate belou ISlI ', uhf‘n distilled under ToO nnn 
pre.ssiire, mid 05 [xt cent should boil helwis'ti ISO' and IHP at 
the ])reMrtiiro iiieiitioiusl \lso tho eater Nhoiild eontnin at iiiost 
0 5 p<T eent by \\eiy[ht of ncs'tie arid, ])henolphtlnih‘iu indieator 
being iwed iii the tcHl ’ 

The n'envi'ii'd acetic ether, aa also the alcohol pKNliued in the 
n^netions, are pin died and concent rated for Mibseipusd iinc 
T he lowei', light .\eilou la\(‘i in the deconi position lessel (oiisists 
of a s«)liitioii of Hodiiim fieidate, with some alcohol and acetic ether 
After distilling oil the alcohol and ethei, the solution is e\a|)oiati‘d 
and tho Midiiiin acetat.- nsoveied !» i ristallisatioii 

Kthyl acetoaeetate ls a eoloiirless liquid, with a pleasant, tiuilx 
odour It boils at IHI 182'. or at ISOU IHI 2 under 751 nim 
pr(*SHun' ; or at TT, under 12 5 mm Sp gr 1 (»2H2 at 20 ' 4'' 
With ferru' eliloiidc, it gues a violet coloration 
Ethyl formate (Kormie ethei), HCOll'tyi. According 
to Mendeieiis and Aboiilene^ a coiueinent )>n>ceduie for tlie 
industrial production ot eth\l lot mate is to Jieal logetlui a 
mixturo of alcohol and loimie and in inolendar pro] loit ions, in 
tho preseiico of a small (piantit} of siilpliiine acid frrmi 1 to 2 per 
cent of tho volume of the inixtiin* Anh\ (Irons aluminium sul- 
phute or |iutiishiuin hisulphate eiiii also be used as calaixsts but 
the best results aic given with the sulpliiirn acid 

Ka|)p's nu'thod is as tollows ' A coohsl mixture of 7 (laits 1),\ 
weight ol alcohol (SS per cent strength) and 1 1 ]inrls nf stiong 
sulphuric acid, is poured on to H parts of aidiidrous sodium 
formate, and the whole (ai('fii)l\ distilled fioni a water-lath The 
yield of ester, howeier. is le.ss than SP per cent of the theoretical 
quantity, and the poiduct eoiituiiis some forinn- acid To iemo\e 
this it IS shaken with milk ol lime then dried with Ciileniin 
chloride, and ructitied 

K\ using sodium hisulphate instead of sul])hune aeid, a better 
yield is obtained, and the ester pnidueixl is nearly free from aeid * 
Tho bisiilphato (240 [xirta) is well enisheil, and mixed with 46 parts 
(weight) of alcohol and 68 jiarta of sodium formate This mixture 
IS warmed in a closed vessel, with frequent stirring, for about, ten 
hours at a tmniieratiire of 80^ ; or, alternatively, it may be gentli 


* I'lliiiaiiii, Knr}klu|i. der Tcrhii. Chcni ", 1. 9U 

» Vtmpl. rend., 1911, 158, l«7l. » .Innfl/tii, IHt.i, 56. ISO 

* Kngelbkircheii, D.U.-P, :!6544l. 
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boilpd 111 a vosfci'l lit ted vith a rrllux i on(li*iiM*r Al tlip i*nd of 
that tiiiK', like otliyl fonnuti* is dihtilh-d olT 

The f«)Ihi\wrii; ^inK-e^** haa Join; lufii iisnl iiidii>tiitdl\ 
for nmkiiif; the etlnl foimnle eiii|i|n\ed hir fidiiu'atm^r “ nini 
esseiae'’ Potato htardi. 40 kilos, ih wrll iiii\»‘d \miIi I4r> kilos 
of pyroliisite (eoiitaining )to ]Hr (rnt of Mii(K) and ti 7 kilos of 
water Into this is ]Haired a etsihsl iiiixtiiio of l(t kilos of aleoliol 
(SO ])er rent) and 14 kilos of strong! siilphunc and (Viide 
aeetie and is soinetiiiies iinhided sie undn iniitiition luiii, ' 
|) I.'IT The \essel i*) eonnec ted with a ( ondeiisei , and heat a]i]i1ied 
to stall the reaetnai, hut no Inithei heating' is iei|iiired until 
towards the end of the ])roeess i'loin 7 to S kilos ol foiinie 
(‘ster aie olitained The reiution pioi mU iiipidlv so that six or 
se\en eliiir^es can he worked otl in a da\. and iihoiit rill kilos of 
ninle eth\l loiiiiiite ohtained ^ 

loiiiiate is a \olalile and inllaniniahle liipiid, hoilin^ al 
54 4', and of sp. 0 IMS at tt t It has soine little ap]ilieation 
in inedieine and in sMitlictie ihiinislr\, hut is (hiell\ used foi the 
piepaiation of ailitin.d ruin 

Mothyl formatei piepned m an analogous inannej to that 
employed for the ethji estei. i'* einploMsl indiistriallv ns a soKent 
for .leetyl (ellulosi- It Isals at .TJ.’l 
Ethyl butyrate, I*' “htam this estei, 

2 paits of hl 1 l^^<' aeid iii<n he mixed with 2 pails ot P5 {a-r eiiit 
alcohol, and the mixluiv w.niiied to Hi with I part of slionic 
suljihurie nn<l The prodiin is then pouicd into vMiter and 
allowed to Ml.uid the etlivl hiilwate sepaiates out ns an oil on 
the top of the Injiini It is diawii off, washed XMth bodiuin 
enihonnte solution, and n-itified h\ iliH illation - Oi. allnnativelx , 
the sepaiated ester max he ticated with ndinini (nrhonali to 
neiitialise acidity, deh\ dinted with fused uilniini ihlonde, and 
distilled, and then fiiiall\ reetiiini hy re-dist illation oxer ealnned 
ningnosia 

A nniallcr proportion of ah'ohol and bulphune arid is required hy 
proceeding as follows Ten parts of alcohol, HI of hutyrie aeid, 
and 1 of sulphuric aeid an* heated together to 8<r, and allow f‘d to 
stand for txvelxc hours The jimduet ia Rcparntixl, waalied with 
water and with dilute sodium earlK>natc solution, and rrrti6ed 
Ethyl but}Tate ia a coIoiirU'SS, mobile liquid, of pleaaant, fruity 
odour ; it boils at 119 9^ and has the sp gr 0 8978 at 18°. The 
cruder commercial x'arietiea have some application as solventa; 

1 J. stimlp, /Jiru/. J , 1860, 181, 402 
■ Koflcoo and Schorlcinmcr, “ XiwituM* on Cheinuiry,'* 8, fij, f/VS 
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the purer qualities are largely used for the preparation of artifirial 
rum and fruit oNhenccK. 

Kthyl butyrate and ethyl propiunato aip now obtaitu'd on a 
c-oiiHiderable scale as by-proflucts in the pre|Niration of acetone and 
(Kitasshiin salts from kelp. They arc eniployeil as solvi-nts for 
resins, in place of amyl acetate 

Ethyl b 611 ZOat 0 y C«Hg‘COO (*xHg, is used to soiiu* extent in 
making perfumes and fruit essences, and also in the produi'tiun of 
synthetic chnniicals It is prepared by mixing benzoic acid, 1 jiart, 
with absolute alcohol, 2 parts, and passing a current of dni'd hydro- 
eliloric acid gas through the liquid. The gas is (‘onviuiicntly 
obtained by dropping strong sulphuric acid into a flask containing 
(‘oncentrnted hydrochloric, acid. The dissolution of the lu'Mzrse 
Held in the aleohol is efT<‘eted in the eoiirse of passing tlie gas into 
the mixture, by means of the beat evolved in the reaction When 
the vessel cools douii again it is heaitMl on ii steam butli, and tin* 
current of gas I'ontinuiHl until fumes of the aeid come oiT On 
])oiiring the liquid into water, the eth>l Isuizoate siqmrates out as 
an oily lupiid which collects at the bottom of the \essel It is 
drawn off, and tn'Ated with dilute solution of mkIiuiii carbonate in 
order to remove fnv bt'iizoie aeid , then Khakeii with watn to 
remove sodium carbonate; sejiamted, deii>diut<sl over potassium 
earhonnte, anil distilled. 

I0th>l Iwiizoato 18 A colourless, oily liquid iMiilmg at 211 2 , and 
of sp gr 1 0r)(t2 

Methyl benzoate, OOO-CHj, is iinqinrcd by distilling 
A inixtun' of henzuie acid (oO parts by weiglit), nictlivl uleohol 
(120iNirtH by volume), and strong hulpbiine acid (ti part.s by vciiime) 

It IS a eohiurles.s lupiid of pleasant cnlour , boiling }N>int IttSU, 
and sp gr I 0942 at 15 /1 5'* The ester is iisisl in [HTfiiincry, and 
is known as “ Niobo oil ” 

Methyl salicylate, ( (HglOH) (’ 00 . 0113 . is made artillcially 
by distilling a mixture of 2 |)arts of salicylic acid, 2 of metb}l iih'ohol, 
and 1 of strung sulphuric acid. It boils at 222 2**, and has the 
sp. gr 1 1M9 at 15715°, or 1 106 at 0° It is used somewhat exten- 
sively in pharmacy, and also in |K*rfumery Tlie naturally mumiig 
rater is the chief constituent of oil of wintergreen {(iauUketta) 
and oil of Bttula aiha. 

Manufacture of ethyl nitrite.^Thia product is used to 
some extent medicinally, two spirituous solutions containing it 
being descrilMHl in the British Pharmacopceia. Chielly, however, 
it IS employed eomincreially for use in the preparation of various ' 
essences. For this purpose the pure nitrite itself is not prepared, 

s 



'^nrsiistttiAt ALoo^ 


■’SBl- 


”1 ^ 

lulfan alcoholic tiolution of it, which contains small qimntitira of 
jntaldchydc and ethyl acetate as well as the nitrite. 
f To obtain this industrial variety, 3 parts of 2o per cent nitric 
acid arc covered u ith o parts of uleohol. and M^t aside v ithout shakinj; 
up fur two days. Then I) parts more of alcohol arc added, and the 
inixturc distilled from a bteani heatitl, aeid-n'HistinK retort untd 
yellow vapours lie^in to apix^nr CahmitHl magnesia is then athied 
to the distillate to neutralihe the aeidity, and the inixturc set aside 
for twenty-four hours It is then filtenMl, and 2 |»ArtH of alcohol 
aihlcd to thfl tiltrati*, which is then n‘itilii‘d. using giiitle warming 
cit first, until 8 ]Mirts of distillate ha\e imshihI over 

Alternatively, a mixtiin* of 3 jMiils of enide 40 iH‘r irnt. nilrie 
^ ucul with 12 parts of alcohol (!Hl to UI ]M‘r I'cnt ) is carcfull\ distilli^l 
from a water- hath until rcd fumes ajipi'ar The distillate is then 
iieutrulHed with eah-med magncHia as heforc. anil after twenty -four 
hours poured otl clear Three parts of alcohol an* now added, and 
the liipiid distilled until 111 parts hn>e bivn collected , the whole of 
this is liimll> reel died again 

The priKliut, as stated above, is an alcoholic solution of ethyl 
nitiile. Imt containing also uldch}de and aeelic ether It is liable 
to become neid on keeping, and nmj then bf* again iieulraliseit with 
ma^ ncsia and rcilistilled 

T(. ibtain j)racticall.\ pun* etlivl iiitntc, a pioeesa worked out 
by Dujistan and Dyiiioiid may be ndoplisn Tn this method, no 
di'itillalion IS rcipiin'd 

.Dilute sulphuric acid in made to n-aet with siMlium nitrite and 
alcohol at a low tetnia-intun* The ijuaiitities of the reacting 
compounds arc calculated from the twti iHjuations ■ - 

(i) 2NuX(l, i HySD^ Na/iD* | 2HX(lj, 

(iij (’jHsDH 1 UNO, I 11,0. ^ 

A solution IS made hy dissolving (M fl) grams of «ttlt8 of 
in water The liquid is diluted to 1211 I'C and e - ’‘'letliylatiiig 
by means of an icc- and salt-bath (>••' *’ ®*'‘>niatic scries 
of 95 M per eeiit purity, and - 
' 34 6 granm ot the pun’ 1 ‘ ^ N1I(CII,), 

interfere ''' “Iphato am ein|tloyed for ethylating 

. for eiample, p-nilrophenol in tfao preiMiution of 
pn^ocetm ; ami for the nisking of ethyl inercaiAnn, efc 
These alkyl aulphatea aerve as a cheap nw material for usi- in 

‘ Millou, Ann. Vhim. Phjfg., 1813, [jiiJ, 8, 233. 

LwHia: Annalm, 18G8, Suppl. 6, 220. 
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in a niirrou kIhhs vcsst'l surroiindt^l by i4-t‘ aiirl salt 
flit! acid liaH been aibJt'd, a vellou lu\ei tif nitrito in 
found, rompii'ti'ly H('|iarjit(‘d from the lowiT layer of bolutinn of 
Hodiiiiii Niil|)[iiite Melting' i<e alone may be ill'll for the cooling;, 
but the m'ld tniisl then la* adde<l very slowly and ean*fiilly, to prevent 
rise of temperature and evolution of nilrouB fumes, 

I'lie etliyl nitrite so foriiu'd eontains onl> traces of ideohol and 
water Thu alcohol is nmioved, almost eoiiipleti'ly, b\ shakiiif; 
with cold water in a separator . the water by dij;estioii with fr(‘shl\ 
i){iiited potasHiuiu giibonate 

Kniiii .‘10 to .‘in grains of eth\l nitrite me obtaini'd , the eahu 
luted yield is .‘17 jriams The product is almost pun*, if not 
ahsoliituly so 

A somewhat similar ]iroeess has In'cii dcseiibed b\ l•'ehlhau■',' 
but 111 this ease tlii' cstei is se|Miiated by volatilisation and (oii- 
ih'iised One litre of l.T |K'r (s*nt alcohol is inivt‘d with olKI ^'lams 
of |Hi|assium nitriti*, and the solution cooled in an ue bath A 
mixture made with r>(Mt grains each of water, alcohol, and sulphuiii 
acid IS drop[i4'd slowly into the liist solution, tin* \essel (ont.iinm^ 
which IS attached to a condenser The heal ot the reai tion sulliecs 
to voIntiliHi* the elh>l nitiite, which is condeiiMsl and n»llccled m a 
cooled rc4*eiver 

Pure etli\l mtnl<‘ is a mobile lu|uid, ot boilin){ jioiiit 17 o ', 
Kcconliiifr to Ihiiistan and fKimmil. and sp tHt17 at d ,(t 
ft is \er\ prone to decom|M)sitioii m the picN<*ncc of water or times 
of acid The l’hariiineo|)icia solution of cth\l nitrite ” is a solution 
of 2.“i to .‘I per cent by wei^jlit of clli.\l nitrite m a nuxturc of 
i).”» \oliiiiu‘.s of alisoliite .aleoliol with volumes of ^heeriii The 
Hl\eerin acts as a pr(>>er\ati\e. presiiiiinbU In misoii of its atlmd,\ 


'■w water 

is kiiown*as^ nitrons ether " (Sweet Spirit of Xitre) is an ah-oholie 
lyr ^ 'jtnininj;, aceoiilmp to the Hritish oftieial re(iuin*nu*nts, 

hy 

an.l 1 d strong sulphuric .hm- 

gt 1 189 .t IS-ZIS”. or 1196 at 0“. ’l*".'- ™ 

nivcly in pharmacy, and also in iifrfumfry. ” •"if'* 

MtiT ia the chief coiwtitiicnt of ott of ainteigrccn 


and oil of ifeiiihi alha. 

Manufacture of ethyl nitrite.— This product is uM*d to 
eonie extent medicinally, t»o spiritumu wilutiom conUining it 
being deKrilmd in the Btitwh Pharmacopoeia. ChieBy, however, 
it u employed commercially for use in tha prepar^n of varU^ 
I'ssencert. For this purpose the pure nitrite itself is not prepared, ^ 
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th(» rririrt h allowcti to cmjil, 25 <• r mon* nitrii' aoiil adilrii, and 
diatillatioii i’on(iiiu<>tl until thr mriviT coiitoiiiK l.7lMlrc Tina 
ia niixiHl uitli iiiiothrr litii* (if iilnihol (tHi |M‘r (‘(•iit ), nr uilli siicli a 
quantilY ah will ninkt' the ]iro(liKt rniitoiii 21)4i jht rnit h\ (iciftht 
of (‘th>i iiitnte 

Ethyl nitrate (Nitric ethyl (^(ter), (',11^ N't), \Vh(‘n alcohol 
Ik hcatfil with nitric acid alone. th(‘rc in a |uirtinl oxidation of the 
alcohol, which caumai the foniiutiun ot iiitmuH acid and then of ethyl 
nitrite, iivdead of iiitni/e If, Iiowi'vit. tht' nitrouH acid Ih destroyed, 
AS hy the addition of imMi, thi* )itm‘ eth\l nitruti* (‘an la' obtaini'd 
Distil 12() I.*i0 grams of a mixtiin* (onsisting of 1 \ol of ]>iire 
nitric acid (sp gr 1 4ol) and 2 roU of uhohol (sji gr 0 842). to 
which I 2 gr.iiii.s of im‘ii hnvi* iH'tii added lli'at gciith . and ('oUci't 
nlaiut .se\cn-ciLdiths 'I'hc distillate h shaken with water, and the 
hcii\ier ester sr|H(ruted trom the n(|iieoiis )i(|iiiil It is |)iiritied 
h\ washing with a diluti' alkali solution, dried foi a dii\ or (wo 
(oer calcuiiii chloride, and re distilhd ‘ 

AltcinatixciN, 4(M) grams of pure nitric ucid (sp gr 140) an* 
heated with 4 giiims of unvi to destroy lower oxides ot iiitrogi*)], 
then cooled, and mixisl with KN) gi aiiis of urea nitrate and :i(H) giaiiiH 
of iihsolute ahoiiol A similar riiixtun* ot alcohol and nitric aiid is 
fin'paicd without tin* ui(‘a The first mixture is distilled until 
one half has passed o\er , then (he second mixture is iillowi'd to 
drop into the retort, and the distilliition (oiitiiiued, Tin* iiitiie 
ester ie|Mirateil and punlied as ImIoii* dcHerilied The urea nitrate 
can of course he n-coven'd and ummI again “ 

ICth>l nitrate i.s a colourless Inpiid with a pleasant, Hwe(‘lisli 
odour, It hoilri at 87 0^ aiul Inis the sp ^ 1 U'^!! ut 1>'3 5'’ It 
hums with a \er\ while Huiiie, mid will (‘Xjiludc* if suddenly e\])oscd 
to a gn-at heat When mluced with tin mid hidnahlone add, it 
yields hydroxdaiuinc 

Methyl and ethyl sulphates. The most importmii of 

th(‘se iiidustnally are the dimethyl wilpliate and the salts of 
luonoeth}! aulphate The former is inueli used as a iiietliylating 
agent, especially for )»henols and for aniiiies of the aromatic Hern^s 
The reaction in the latter ease is expressed hy the (sjuaiiun 
(CHa)rSO* ) 21t NH, = RXH,CH,HSD, -i-RNH(('.H,). 

The Halts of ethyl hydrogen sulphate are eiiqiloyinl fur etiiylating 
phenols "OB, fur example, p-nitrophenol in Uio preparation of 
phciiaeetin ; and for the making of ethyl mercaptan, etc. 

These alkyl milphatcs serve as a cheap raw matorial for use in 

> MiUiin, Ann. Vhtm. Pkyt., 1843, liii], 8, 233. 

* Losico: .^nnofm, 1868, Suppl. 6, 220. 
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Hiu li iiiMTiilidti'i .i-i till* f«n‘;!nmii Th<* (linii'lliyl rom|iouii(l i*s[M*(i- 
iilly Inis liiTii (if M^iial sciiiic iii tii<> h\iitlii>ti( rlx* iiidustn 

Methyl hydrogen sulphate, (Mi>t]i\i Miiphunc ucui, 

iiioniiini'tlij siil|i]i;il»‘). ('ll, HSO^ A ^riiiTiiI iii(‘tli(Nl of olitiiimiig 
inctliv I -111111 sul|ihaii‘s is to tmit thi* aIi'oIioIs Mith conirn- 

traU‘rl siil|iliiirii iidil' oi uitli i liloiOhiil|>lioi)ir add Thr first 
nirthiMl is coiiM'iiiciit. hut siriii* the miition is a n-vorsihli' one it 
d(M‘s not ^ivr till* tlirniotU‘iil \ii‘ld 

Kor till* iiirtlivl IimIio^cii Milplintr, I part h\ ui'i^ht of ini'thU 
alcohol IS riiiMMl with 2 jairts of stiorif; sulphunc ncid, and the 
mixture kc|it warm tor some hours It is then diluted with wntei, 
and Imniim carliomite added iii eAcess, to iieutruli>e the free acids 
After liltratioii fiotn the haiium sulphate and (*\cess of enriioiiate, 
the tiltrate, winch (ontaiiis the latiiiim salt of meth>l h\drofren 
sulphate, is e\aporated to a eoiiveiiieritly himiiII hulk, and tn'iitcd 
with just siilhcicnt siilpliiiiic acid to precipitate all the haimm as 
sulphate, and then ajjnin tilteied An aipicous solution of the fi(*e 
methyl sulphuric acid i-. thus ohtaiiusl. which can now he e\apoi.itcd 
111 a vacuum over strong sulphuric and 

Methji 1 hvdiogen siilpliate is an oil\ li(|uid, which dix's not solidifv 
on cooling to !)()' (hi distilliitiou, it dcioinposes into dinicihvi 
buijihutu and sulphunc ucid , 

Dimethyl sulphate, (CHd/io^. is made h\ distilling 

monometh}! sulphate ni a vacuum To ohtuin a goml ;^jcld, the 
moiionicthyl comiaaiiid should he ln‘C jrom .watci and other 
impurities It need not, however, he scjMiiatelv prejiared A 
mivtuie ol 2.) kilos of sulphuric aiihulnde with It) kilos of neaiK 
ahsolute methyl uleohAl is made, the tem))erature heing kejit hclow 
(f, and preterahly tietweeii - o’ and - 10' The mivture is 

then distilhsl la muo An almost tlieon'tienl yield of Iff kilos 
cun he ulitaiiieil ' 

Alternatively, ItM) parts of ehlontniilphoiiie aeid art* luii into 
27 parts of methyl aleohol at a t(*miM*ratiire of JO’ to - lo', 
euni hemg taken tJnit the liquids arc well mixed, iimf moisture 
exeludtsi The mixture is (hen distilhsl in a vaeiiiini^ (20 mm , 
the temjieruture heing ahoiit l-M) ) Yield, nhout 80 jx*r (eiit of 
the theon'tieal 

The hHiil overheating which easily wcurs may Im* nvoidetl by 

' lliiiuito Hint Pi'lii;ii|, litii'i/fN, I Slit, 15, 411 

* ('lai'hMUi, J, jii ChriH , IK79, 19, 231 rl no/ 

^ Menk, I) H -I'., i;n.->42 OHll . Wnidin, Pmeiilc, ’ 1, A*. 

* riliiiuaii. .Iiimi/cfi. I9UJ, 827, iOU Fur iHlN^mtuiy dcluiU, scu iMwr- 
I'lihii, " .ArU'ilsijirtliuili’ii," 19U7, p. 2114, 
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diluting; the mrthvi alnihul tv ill) (‘iirlHm tHrHt liloridc An 
riianiHK'd vtwl tilted nitli u reiliiv (luuhMiM'r is churf^Ml vvitli 
G 4 kilds of methyl nleuliol (hit rent htnmpth) and 20 kilos of 
earhon tetrachloride Tntu this mixture 24 kilos of I'lilonwnlphoiiie 
arid are slovilv niii, with htimng The tetrachloride jh then 
distilled off on a vialer-huth. and iisevl again in the ni'xt charge 
the residue ii distilled in nifuo aa ladore to ohtain the diniethxl 
Hulphiite ' Sulplmneanhvdrulemax n‘]iliieetheelilnnis(ilphoniciic-id 
Haworth and Irvine have nH*eiitly dcscnlK'd a methiKl of 
preparing dmiethvl Milphate by the iiiteruition of dimethyl ether 
and siil)iliiir trioxide (It P 122-lllS) See also p .‘k'lT 
1hmi‘tii\l sulphate liiids considerable application as a methvlnting 
agent in the pre|Minition of d\ (‘stuffs It is a ciihairless, oily li(jiiid, 
insoluble in water, and with n |N‘p|N‘rmint-like iiavoiir Itoiling 
|Kiirit IHH , sp gr I 3!l:t at In' It rcipiin's can* in the handling. 
a*t it alTc< ts the n'spinitorv organa stioiigl^x ^ 

Ethyl hydrogen sulphate, (VljlsOf (>ono(‘tliyl 

siil|iliat(‘, cthvl siilphinic acid, Hulphoviiiic acid) 'The alkali or 
(aleiuin salt of this acid is iis'ed for ethxiating purposes in the 
making of plKMiacctiii and other fine elumiicalN 
To obtain the sidt, or the sulphoMiiic acid itself, the following 
pnK'cdure niav la* adopted To .'i parts of absolute alcohol (by 
weight), lt)| parts of atroiig hul|)huric acid an* slowh added, and 
thei the whole mixed, and lieattil for four hours on the water 
hath Aftei cooling, ice and wat(*r aie added, in order to dilute 
the lupiid without greutU raihiiig the tem])ei aline The acid is 
till'll neutrali.'sd b\ adding an excess of ealemin laihonate mixed 
into a paste with water, and the luiiiid filtered from calcium 
Hulphute and e.\ecHS of (arboiiate The solution of ealciuin ethyl 
sulphate thus obtained may lie made slight!) alkaline with lime- 
water, and concentrated fur uw‘ if this salt is n‘i|Uin‘(l, If the 
imUssium eoin]K)und is wanted, a atroiig solution of )iotaHHium 
carboiiati' is added to a conci'ntratcd solution of the ealeiiini salt 
until the ealeiiim is all pn'cipitated (as ('aleium earhunate) Tlio 
potaiMium etli)l sulphate thus formed is soluble , it is filtered fnmi 
the jireeipitate, a little inont iKitassium cnrlmnate added, and the 
solution evaporated until the salt cr)NtalliseM out 
If the ethyl hy’diogcn 8ul|)hnte itself is wanted, tlie acid liquid 
after addition of ice and water is ncutrolmcd with barium carbonate 
or with load carbonate, instead of with ealciuin earlNinate, os 
barium or lead can be subsequently eliminated more readily than 

» Soe .iaon Prod. Chitn, D.R.-P, 1938 : 10 ; FncdlwiiliT. " Forticliritto 
dor Tmfarb," 1911, 9. 30 * LMHar-Cohu, he. eit., p. 293. 
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oalcinm The neutraliHoil liquid is (iUored from precipitated 
sulphate and evnisM of carlMiuatr, uiul then evapnniLHl. ('rystala 
(»f bariuiii or lead ethyl riulphate iire tliiiH (jhlain<‘d These* arc 
separated and diHAoiveel in i»aler, and sulphurie neid added in 
quantity just sullicient to pns'ipitatc the barium or lead as sulpliatcB. 
Alternatively, in the ease of lead, this metal may l)e n*moved as 
sulphide by a current of hydni^eii sulphide ^ns ; or the bulk may 
be pn*eipitati‘d as sulphate*, filten*d off, and the elimination of the 
lead conipleted by ineaiiH of hydnt^en sulphide Whichever 
method is used, the iireeipitate of liarium or lead sulphate or lead 
Bulphifle is filtered off, and the filtrate, ^thioh now contains the free 
ethyl hydrogim sulphate, is evaporated in a vacuum over sulphuric 
acid Jl can ('veiitually lie obtained ns a hvrupy liipiid, soluble in 
water and in alcohol, but not in ether 

In fireparing sodium ethyl sulphate for technical use an enamc‘lled 
acid-pnuif vessel is employed, set in a uooden lesscl conni‘cted 
with the water siippl} and sen mg as ctioler A charge of l(M) kilos 
of strong sulphiine lu id (IHI |M‘r cent ) is placed in the former \(*ssel, 
and 1)5 jM*r cent alcohol (47 kihn ) run m with Htirrmg, and sloaly, 
so that no excessive development of heat oci'iirs After the lapse 
of twenty-four hours, the niixtiin* is passed into a cold emulsion 
of well-slaked lime, which must be alwajs iiresent in exci'sa I’he 
mixture is filtered from the calciiini sulphate formed, and the 
latter pressixl ; the filtrate is then treated with Msliuin carbonate 
to pr<*eipitAte the ealciiiiii, and the resulting clear liquid removed, 
to be filially evn[M)ruted in a vneiium 

If the ex{x*nsive ingnHlient, alcohol, is to la* utilised more com- 
pletely, it is ilec(*ssury to remove the water arising from the 
iH'action. This is most convciueiitly done b\ means of siilphuno 
anhydride, with which the olcohol, dissolved m strung sulphuric 
acid, is treated in the eold.^ 

Diethyl sulphate, (t.''jir(},iS 04 --This is somewhat more 
dillieult to preiian*, and gives a lower yield, than tlie corresponding 
dimeUiyl euinpiund, but may la: obtained in a similar manner. 
Sulphuric anhydride (174 kilos) is run into 10 kilns, of absolute 
ethyl alcohol at a teiniieraturc of -- 10° to -- 20°, and the mixture 
distilled in a vacuum. The ) ield is 7 to 8 kilos , or about one-half 
of the theoretical quantity.^ 

Alternatively, absolute alcohol is mixed with Nordliauscn 
sulphuric acid, tlio elliyl salt extracted with chloroform, and the 
product distilled in vacuo.’ 

1 Mcrok, 1).U -1'.. 7727M. ■ Ihid , U R P., 133542, 

' ClwMMUU md LundvoU, Her., 1880, 18, 1699. 
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A yirld of 83 IK) p<*r ornt w said to bo obtainnl by distilling 
sodium othyl sulfihato in lyiruo ^ 

Diethyl Biilphatc has not niuoh t(‘<'hnioal ap)dication Tt is an 
oily liquid, Imiling at (aitli deconipositiitn), or at under 
1.1 inm pressure, or 118“ under 40 nim Sp. gr 1 18.37 at 19" 
The com|)ound has (oxie jiropertioR 
Irvine and llnuorth^ deacilbe a iiietluMl (»f obtiuiiing methyl 
and eth}l sulphate^ by the aetiim of siilphiirU ehlorido the 
aleoliiilH Or, in^tead of priquiring the Biilpluir)! ehlnride hrHt, 
chlorine and Hulpliur dioxide may he immmmI into the aleohol in 
eqiiimolenil.ir quantities On distillation of the tiiml nyietioii- 
pnuliiet under nyhieed jinssiiie, the idk\l hydrogen sulphate, 
formed together with the dialkU <'onqHMind, iindergin'H ileeoinpiwi- 
tion into stilpliiirie acid and ilialkO sui|)hiite. so that the latter 
is obtained iii good ,Meld 

A similar process i.s desenbed bv Ihwike inid Diirrans^ Into 
32 (larts hy weight of anhvriniiis nieth>l aleuhol is ims^ed about 
.3.1 paits hy wught of ehlorine. and the same weight of suljihiir 
dioxide 'JIiih ii an evens (.3 |Mrls) of the dioxide, which excess 
rnav Im‘ added nl (he start and niamtaimsl throughout the addition 
of the mixed goM's \fter e\|H‘lling tin* 1 ‘xn‘ss of sulphur ilioxide 
oil a water-bath, the [iroduel, (ontaiiiiiig dimetliil siilpliate, methyl 
hidiojeii sulphate, iiK'Hiyl ehlonde. and Mtine li^dna-hlorio arid, 
can be iisisl as a methylating agent, oi the methyl chloride can 
be distilled off at the onhiwn pn*sHure and n-covensl, iiml dimethyl 
sulphate ohtained hy distilling the residue under nshieed pn'ssuro 
(40 mm ) <uid re-distilling the priNliict at 24 nun 
Ethyl mercaptan (Kthyl hydnisulphide), ( 2 H 1 SH--TI 11 S 
compound is eni])loyed (eciinieally in the preparation of the 
hypnotics sul|ihonal, trinnal, nn<l tetroiial 
I'o obtain it on a small scale a solution (sp gr. 1 .3) of potassium 
hydroxide in water ia satiiraUsl with hydrogen sulphide Tlie 
rcaiilting solution of pot.'w.sium hydroBiilpbido is then mixed with 
Bolution of caleiuni ethyl sulphate (sp gr. 1 3) anil the mixture 
distilled from a water-bath. The crude jirmluct is dnixl over 
calcium chloride and piirilied by distillation (biebig) * 

Klason indicates the following us a convenient pronslure ^ One 
litre of alcohol ia imurcd grarluoUy into a mixture of 500 r c of 
concentrated suliihuiie acid with the same volume (500 c.c.) of 

* LiliisifrU, Aust [* 63.11*6, J fJhim .Vor (AImI ). 1914, 106, [ij, 019 

> Dl* 117834, 1017 > U V 11021jO. 

* Roaooe and Schnrlcininer, '* Tmiliiie on Chomutry,” 8. [i]i 376. 

*Ber., 1887 , £ 0 . 3411 . 
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futiiiiiK Hul|ihiiriL' arid Aftor mding flown, thr is finefiilly 

run into a Holiitioii of MKlium (arlionutf* rimtaining 4 kiloa t)f the 
(TVHtalliMnl Hiilt, ice lieing freely added during the n|K‘ration The 
iinvtiire is then eva]M)nitfHl and the greater part fif the Hodiiini 
Hiilphatf* which ervhtalliNeM out ia removed, care U'lng taken that 
the miction ih alkaline during the eva(K)ration To the n^Hidual 
liquifl iM added a holution of |M(tnhHiuni h>droHulphide, preiiared 
from K(K) graiiiH of the hydroxide iiy piuiHing hydrogen Hiilphifle 
into its n([ueoiiH soliitioii aa bt'fon' dcKcribed I'he mixture i.s then 
fliatillcfl from n wati'r-hath to Hcpiirate the infTenptan About 
tOd grama fif the crude piiNluet are fibtiiined it eontiiiiiH some , 
ethyl mdpliide, 

To HMiiove tli(‘ latter, tin* eriitle priMliiet is (‘itlu'r distillerl or else 
treated with .solution of eaiistie alkali, whicdi (IinhoKin the mer- 
captan, but leiucH the ethyl HiilphUle inHoluble Thi.s \n se])nrat('d. 
and thf' mercaptan lilH-rntfHl fniin its alkaline* aoliit ion hy iii iflifMng 
with fiilute aidphiirie or h}flrof‘hloric aeui 

Kthyl iiUTeaptaii is a eoloiirlewf, mobih* liipiul, with a piMu t rating 
garlic likf* odour It boila at 7111 2", and has the sp gr tt h; 1.'> at 
21" It IS finly sliglitK soluble in water, but easilv so in alcohol 
and in ether. 

Preparation of esters by catalysis. Nahatiei and 

Mailhe hn\e shown that innoiis esters of fatt,\ acids, vy, etlnl 
niifl ineth,\l formates, iieetiites, propionates, and butyrates, cun 
he prepiinsl h\ passing the la^Htiirs of a mixture of the alerdml 
and the acid in (piestion o\er heated titanium dioxide’ The 
yields obtained appniximate to those given h\ the orilniar\ 
(Herthelot's) metluHl of direct esteritieiition after prolonged contact 
of the aeul and uleohol Thoriiiin oxide is a'so efTeetiio. though 
less so than tiu' tilamiim eonipoiind 

With titanium fixide heated to 2KI)-.'I(M) . and using moleeiilur 
proportions of uleoliol ami aeifl tin* Mi'ld i<f meth\l propionate 
obtained was 72U |mt cent . and of ethxl hutvrate 71 i>er rent. 
'I'lie yii'ld can he iiien'Hscfl 1)\ using an excess of either the acid 
or the alcohol 

A low'er temiKTatiin* was list'd ftir obtaining thi‘ formie esters. 
Methyl, ethyl, propyl, butvl, isobiityl. and iwMmyl formates were 
rt'iidily obtuintHl by passing fonuie acitl vajwiur, mixfxl with an 
excess of the uleohfil in question, over titanium dioxide heated to 
l.'iO*', nr over thuriuin oxide at 2(N)-22tl‘'. The eatalytie effect 
fli'crvases as the tem|)t'rature is lowered Thus in the case of 
t'tliyl formati*, whilst tHiuimoliH'iilHr imxtiireH of ethil alcohol and 
• f Wqrf. retvl, 1011. IW. 404, 1044. 
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formic iiciil \\cn> cstciifici) h\ titaiiiiim ilioxulc In (In- iaIciiI of 
(io pci cent at I.V) ', the CNlciific.itKin \\iisiiiil\ 47 |n'i cciiI .it 120 
KxpcMinciilH uith clh\l aliolidl anil x.iiinijs .11 iiN iisimr npii 
molecular |)io|Hiition'4 of aholiol .mil ami m inkIi inixtiiii' iiiilicatcil 
(hat 111 (fcniTiil the c'^tenlicatioii u.in nioie lotupli-te (he lowei the 
molecular xxei^ht of the ami Thu'« uilh titanium ihoxule at 2.‘l0 
acetic acid foriu'i 07 |N‘r icnt of the es(ti Imt isnxalern ami oiil\ 
lit) |K'r cent At IliO’. toriiiii acid ^iixe-t (i.*) |m ‘1 leiit , as noted 
alioxc, Imt acetic ami uiiK 2o {ht iciit \s a cal.iU^I titamiim 

oxide is more nctixe than tiioriiini oxide, moieoxci. its ailixitx 
xxas fiiimd to ihtsisI iiiiriimmislieil diiim» expi'iimenls exteinlm^r 
oxer tttcntx (la\s 

i'liiiiarx aliohols aie Chieiilinl mole conipleti lx ih.iii snomlaix 
or leitiaix alcohols usm^ tin- sanie acid loi each 

Eithyleno. tin an mdiistM.il SI, lie this ^as is |iiepaieii fioin 
alcohol hx Ipatiexx s latalxtn pioiess ioi (lie piir|)ose o| makiiiL; 
ethane The alcoliol )s xapoiiMil and the xapoiir |M.>4se(l oxer 
amorphoiH ainmmnim oxide heated to .'ItHt 

(',ll,t»ll C.Hi H.O 

The elhxlene thus olilaiiied is laiefiillx )turilieil (to ohxiate 
‘ ]Kiisonin4! of the lalnlxst in the fiirthei o|M‘ration), and con- 
XI ted into ethane CjH,;. hx {inssin^it mixed xxith piiiilied hxdro^'cn 
nxif freslilx reihiM'd nicke] heaf'-d to I. TO 200 The lesiiltniK 
ethane is um-iI in a|K‘ciallx loristnieted tii-i'/.iiii; iiiaehines ‘ 

(hi a small scale it max he pre|Niied as tolloxxs A solution of 
(Ml c c of alcohol III .‘100 ^riaiiis of b(ion|{ siilpliiirie ami is mixed m 
a llask xxith ahoiit 200 ^'ruiii*^ of lonrse simd and licatcd to Kin 
170 A iiiixtiire of 2tHl cc of alcohol and .‘KNI friains of siilphiiric 
.acid IS diop|M'd into the lla.sk tiinaif;]! a tap funnel the rate heiii^ 
rcKulateil so that a steaiix stream of (lie exolxeil uas Is iiiaintumed 
To piirifx the ^as fium ether aliohol, siilphiii dioxide and lailioiiie 
acid, it la pHH.sed through a .seriea of xiasli bottles, of xxliich the 
first may lie empty, and (he others contain 111 siici i-ssioii aiil|)hurie 
acid and dilute eaustic wala solution 
Tlic small qiiantit.x of impurity still present can he ((ot rid of by 
liquefying the gas, and then x*a|M>rjsing it again at a t(‘m|K‘rature 
of — KO" Puni ethylene, hoxxever, can bi* obtained bx using bone 
anhydride to deeoniiiose the aleohol, instc^ad of siilplmne iieiil 
A nearly quantitatix'e xield of ethylene is given bj Xexvth's 
method,* in xvhich phosphoric acid heated Ui 2(KI 220" is used. 

> SliP-lll,./ .SV VhtfH hnl, 1(11.1.32, 171. 

» Trans Vhtm S.ir , ItWl, 73, »! j. 
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On a Rinnll Hoalp, atmut HO or 60 r r of ayrupy phnaphoric acid of 
ap gr I 76 an' plappfl in a amall Wurtz flaak of about IRO p p. 
pa|)a('it\ Tlip flask is flttrrl with a rork parrying a thprnioinptor 
and a dropping-tiilip, the pnd of tliP lattor being drawn out to a 
fine tube, and n-achiiig to the* bottom of the flask I*ho.sphoric 
acid of ihp sp gr itieiitionid. 1 76. 1)rgins to boil at ap] roximatply 
160'’ It is boiled in the flask for a feu minutes until the teni]iera- 
ture n'oehes 200®, when alcohol is allouTd to enter drop by drop 
Kthyleno is imnipfliatply disengagixl, and by maintaining the 
temperatun* iH'tween 200'' and 220’ a pontiniious supply of the 
gas pan be obtained Kven with so small an ap])arntns as that 
described, ethylene is pnaluced at the rate of 10 to 16 litn's ])cp 
hour It is led thniugh a small Woulfc’s iMittle (100 to 160 ce 
capacity) standing in a vesstd of ice, in uhieh an n((upnus li(|uid 
collects containing a small rpiantity of ether, alcohol, and traces 
of oily impurity The gas which passes on is ])ractically pure 
ethylene, frt'o from carbon duixide, and absorbed complct(‘ly by 
funiing sulphuric acid 

For pn'paration fui a larger senle. alcohol iiia,\ be \n])oriM>d and 
the vapour bubbled through phosphoric aciil kept at the tempera- 
turo stall'd 

If methifl alcohol is substituti'd for ethyl in the foregoing process, 
and the temperatiire of the acid kept betucen and 210 ', the 
gas evolveil is practii-ally pure iuoth\l ether 

Synthetic drugs and fine organic chemicals - 

Alcohol is not only used ns a .solvent in the mnniifactiire of these 
artieles . it freipiently enters into their composition An ethyl 
or II methyl groufi, as the ease may Im\ is iiilnidiieed into tin* iiioleeiile 
of the product- 

The ah'ohol itself is not, in general, employed (lin‘etl;i for this 
purpose It is first eoii\erlrd into an interim'diate rompoiiiid uhieh 
serves ns the aetiial " ethylating ” or “ metliylating ” agi-nt Thus 
ethyl chloride, bromide, uslide, and Hul]ihato an* eummonly em- 
ployed to intnaluee the ethyl group into a compound The eorre- 
Bponding methyl salts serve a similar purpose when* a methyl 
group is reipiinHl 

As i11ustrati\'o examples the following may bo mentioned 

The photographio developer known as “ Mctol ” is obtained by 
methylating /Nini-amidophonol, methyl sulphate bt'ing conveniently 
used for the purpose. 

Vanillin, employed extensively as a flavouring and in pi'rfuiiiery, 
may be synthivisi'd by methylating protoraterhuio aldehyde The 
/atter is dissolved in a strong solution of sodium carbonate, dimethyl 
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Riilphnto Rr1<l(Ml, nnd the niixtiin* lieatiHl to I'lTwl the nM|uirc(l 
roiii))iiintinn 

Phrnaci'tiii, of wliirh hrffo quantities an' employed in niedh ine, 
ia prndiieod by eth\latin|? nitroplienul, n'diiein^ the ])rodiiet, 
and aeetyJatinj; it ; or by alternative nietluMls in which the ethyla- 
tion follows the a<'ot\ltition, iiiKtenil of pn^ei'dinp it Kthvl chloride, 
hniniide, or iodide, or aodiiini etli\l Hulphate. in commonly employed 
as the ethylating nffcnt 

Antipyrin, also largely iwed in niedieine. is an (>xiimple of Kome- 
what (lilTerent eharncier It in obtained b\ the conibinatinn of 
etlivl aeetoni'ctato and plumylhxdiazine Alcohol fiiriiiNlies the 
raw' material for production of the ith\l acetoacetate 

Mercury fulminatei 1 conqiound is largidy 

used in the preparation of detonators for exploHivcH It in made 
by the iiiteraciion of mercury, nitric ntid, and alcohol 

Somewhat varMiig proportions of ingrcdiento are gi\eii by 
dilferent w ritcrs 

( 1 ) One part of mereury is disnolved in 12 fiaith of nitric acid 
of sp gr I !)4r) , to the Holntion fio |i<iil.s of !Ni |H’r cent alcohol 
an' added, and the wlnile is well shakim After a little time, when 
an eneigetic reaction has commeiK isl (i paitu more of the alcohol 
an‘ gradually added .\t liist inet.illi< mercuri separatcN, but it 
.sii)ise(picnll> rcdihsolves, and dcpoHiln ns mercuric fiilmiiiatn in 
llal.es ' 

(ii) Thorpe’’ slates that I {Nirt of mcn-iirv la disholved in 
1(1 parts of nitiic acid (.sp gr 1 33) and for e\ery kilogram of acid 
used, 1 litre of alcohol, hp gr (1K:W ( !Kl2 fier cent by \oliinie) 
iM added 'riu- reaction lagins eitliiT Hpontaiieoiisl\ or on alight 
warming The operation ih i arried out either in a tubulated ivtort, 
the evolved giuses then eseaping into a tine, or else in ghiHH ImlhNinH 
placed in an fipen woiMlen shcHl After the alcohol has bern added, 
the operator avoida the alnsl till the n-actiun ih complete 

(iii) MarHhall gives the. following partu iiInrH The men-ury ia 
tirat cleaiiisl by .scpics'/jiig it thnmgh W'aah-leather 0 5 Kik>, ia 
weighed uitu a glcuM ilAak, and 5 .> kiloa. of nitric acid (sp gr. 1 36) 
arc added Whem nil the mercury has diwolviHl, tho nolutbn is 
allowed to cool, and then w |K)urod into a largo glasa flaak containing 
5 kilos, of alcohol (00 per cent strength) which haa been warmed, 
if necosaary, to a teinperatun' of 20^ qr 25*. A reaction seta in 
almost at once, ncuompanitxl by efferveBccncc, and the tcmiieraturu 
of the liquid riaes rapidly to about 8(1° , the reaction then inodiiraU'a, 

* Her., 1876, 9, 787. > “Did. Applasl Cheni.," IT, 831. 

* “ ExploBim," 1917 edition, II, 700. 
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lint tin* tMii[M‘riitiin‘ (in sKnvly risiiiK In 8!r Cnstnls of 
Viilimnato form, (iiid u'liitc funi(‘s till the ii|)|M>r part (if th(‘ tiusk 
,\ft(T iilioiit t(‘ii ininiiti^, red fumes A])|M‘ar, vn|KiiirH an* (‘\()Iv(‘d 
iiKin* nipidlv, iiKire milid is f(irm(*(l, and then* is a fiirtli(*r rise of 
teinfM'ratun* to aliout HH The mielion tli(*n inodernt(‘s • it lasts 
alld^etlu'r twenty to ttt'(*iit> tixe miniiti*H 
Th(* (*(int(*nth of the flask are th(*n |ioiin*(l into water and washed 
l>y deeantation until praidieally all the add ha.s hem reiiiovi'd 
The fidininate is now (‘oll(*(‘t(*d on a iiiudin lilter, and the washi'i^ 
eontiiUK'd with distilled wat(‘r until tin* h(|iii(l passing thioiiKli is 
no lonf{(*r ueid to lilmiiH pa|K*r Alcohol of M2 to Mo jier e(*iit 
Htren|{th is soMi(*tini(*M einploy(*(l for the washin^r Tin* xield is 
)(eiierall\ 1 2 to I •'{ k'lo-* ol fiiliiiiiiide foi eadi kilo of in(‘M'iir\ 
TIh* fumes ^iM*ii olT aie |ioisonous and iiilliiinm ihle th(‘v should 
Im* remoM'd li\ means of a itinmI driiii^ht Thi‘\ aie (on(li*nsed m 
stoiiewan* \(*sse]s, tin* li(|iii(l ((insists of um hanged alcohol ton 
tainmg ethd nitrite and nitrate, ald(‘li\di* (*th(‘i. and olliei h\ 
products ft IS lre(|Ui*ntl\ emplov(*d as a paitial denatniant foi 
fn*Hh alcohol 

(i\) (I llag(*n descrilies m detail tin* following procediin*. known 
on the (VintirH*nt as Aldci's method ‘ 

In each of lo w ide-n(*ek(*d Husks of (olonHess glas.s .‘i lities 
capadtx, is plae(‘d 4 5 kilos ot wat(*i-ctear nitiic acid (40 Hi' 
sp gr I !IM), and .‘15 40 giams of giamilat(*d /am* an* dis.sol\(‘d m 
each (|uantit\ ot acid \Vhi*n the /.inc has dissoKisl. .500 gr.ims of 
pure ni(*ic(ii\, W(*ighed out in a to c e ilask, aic added, and the 
mercury dissolved in winter tin* mixture must hr lu’ati'd on a 
wat<*r-hoth To axoid lo.ss through spirting, the Masks are looM*ly 
stop|MTed , and m suiumi'r, lM*for(* adding the alcohol at tin* next 
stag!*, the Masks an* cooled with wat(*r to pi(‘\int too energetic 
action 

A series of 15 retorts, .50 litix*s eapacitx. is nrrang(*d with their 
outl(*ts passing each into an eartlieiiwan* ve.ssel, |>n)\ided witli a 
tap at the bottom for removal of e()nd(*ns(>(i funn*s, and lifted at 
the top with earthenware condensation -tiih(*s ]>assing rventiiallx 
to tin* oiK*n air In each n*tort is placed 4 0 kilos of 01 per cent 
alcohol (hy volume) denatunHl with tur|K‘ntme, and 30 grams of 
a .saturnt**d solution of cop|N*r nitrate (50’ He ) Then tin* contents 
of one of tlie large Masks are addl'd, at a t(*m}MTntun> of 20 25 
In a short time the tein|M'ratun* nsi*s, and (*vcntunll\ an energetic 
reaction si'ts in, white fumes an* cxoIvihI. and the fulminate begina 
to form Will*!! the n'Uction has iiKHlerati'd, and the fumes hax'c 
1 /. ijm. fichiiss 11 Spnmj'ttnffw., lUll, 1, 2H, 41. 
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bmnm* traiihpan'iit, with a \ollimish-n‘d tin* irloil !>» irnioMNl 
1111(1 M?t a4ul ’ to cool down well 

Tin* contents an* thi'ii transfcTn-d to a laiisi*. well jiln/^'d caitiien 
wan* \cNscl. the letort hi'iiij; iinM'il out with c(*ld water Tile 
])reeipitated fiiliinnate is Hlteri'd off through a liiidi filter, and 
w'aslied with aleohol of S2 Ho |mt ei‘iit Mien^th until the washing's 
^ive no turhidity when well diliiti'd with water Wahhiiif; with 
w'at(T ahnie at this sfuire n not eoiiMileri'd satisfaetori . as some 
eth_\l nitrate and iiiliite ina\ he left in . ahohol is tlien'fore used 
at lirst Then the washing is eoniphded with water until the 
speeifie ^ravJt\ of the Wiishinj^s is 1 0. and blue litmus jiapiT is no 
lonjier redihmed In them 

The fulininate m.i\ still (oiitain e\tranei»us impuiitu's su« h as 
lihres uood\ |i.iiii<les. fia^ments i»f eork and s«» «ui These an* 
leimned h\ sieMiii; tlinui^h silk tau/e (IDii mi“sh(‘s |ht s(| em ) 
streldied <nei' one end ol a ^lass < \liiider cm 2tt • m . wliieh 
is shaken in ahoiit .‘iOlitn*sof water eontained m a vessel of HO IHlem 
di.imetei The foreign malt**is are left hi*hind on the siexe Hefore 
sicMiii; the fulminate is well stirii*!! up in water with a wooden 
s]iatulii to allow paitieles of metallK mereiiri to settle down 

KinalK the imast fulminate is nihhi*d down into a fiiielx -dix ided 
stale hx means of a wooden |M‘stle in a jMinelaiii dish I In* piodm t 
I- eolh'ded in eaithenwaie jars and allow(*d to stand for two daxs, 
Durum this time the fulminate settles down and the HU|M*rnalant 
water can 1m* renioied Iciixiim tin* lesidual tinal jirodiiet, wliieli 
eontains .ihout lo [ler cent of imastiire 

('ondeiisation of the* fumes h\ means of a cooled lead worm is 
adopts'd hx Alder, hut this m not ii*(omiiiended by HiiKeii A 
luting for the joints of the earthenware tuhes is made hy jirindiii^ 
up dried clax t(» a line jiowdei (pnssiii|{ throiiKh a sieve with 
2a in(*shes per s(| cm), and mixiim this with ordinurx crude* 
jfiyeenn (2H ’ He ) to a siiitahle eoiisihleiiey 

Intermediate products for dyestuffs; alkyl- 
anilines. Monomethylaniline, ('.HsMiCH,, w pro- 
duced b\ heatmff aiiiliiio hxdroeliloride or .sulphate with iiiethW 
aleohol under pn‘s.sur(* 

fn an enamelled auhx-lave an* plariKl .>.i parts of aniline hydro- 
chloride and 16 jiartH of inethxl aleohol (hy xveiKht). and tlu* mixture 
heated during two to thn-e houra at a tem|M*ratun* of I HO". The 
pres-sun* riM*H lirst to ahiut a atni(iHphen*H, huliH(*(juentlx increasing 
to 2.''i with the pnigress of the nwiion After tin* |»rt*Hhurp haa 
fallen the heating is eontiniied for a further six lumra or so at IWJ' . 
Ai) excess uf milk of linu* ls then mix(*d with the products of the 
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rcAction, and tlio iiirthylnnilini', together with Rome dimethyl- 
Innilinc and iinehangotl aniline, distilled off ' 

Alt4TnativeIy, 70 jiartfl of aniline, 42 (»f methyl aleohol. and 8 of 
Hiilfihurie aeid may he iiHcd, tho mixturi' la'ing heated in an auto- 
clave to about 200'’, and the frec‘ bnsoH w'pnrated an ludon* ‘ 

Fn another firoecHH 140 partii of aniline, 32 of methyl alcohol, 
and 1 of iodine are heated together for 10 liouw at 220“ “ 

J'lire monometh\l aniline, haa not much technical apjilieatioft 
[f dcRired, it can he RoparatiHl from the ]irrKluct obtained aH above 
hy treating the mixnl bafles with an equivalent quantity of 
p-toluene siilploH'liloride and dilute Holiition of MHliiim hydroxirle 
Thin convertM the inonometh\lani)ine and thi' anihiu' into the 
corn'H| Minding loluene-RiiIpho-derivativeH, when'aw the diim‘ili\J- 
aniline ia not attacked and ean dintilled off with Rleam. Tlio 
n'Hidiii* in then extracted with MKliiim hydroxidi' Holution, which 
doiw not dissolve the tolllenc-bulphn-lneth^l!lnilin(‘ The latter 
can then ho hydroKsiil hy warming for a short time at l(M)“ with 
an equal weight of Hiilpliiirie acid On jionring the ])rodnct into 
waUt and adriing iinllc of lime, the meth} Ininline is liberated, and 
can bo distilled off in a current of steam * 

Fhiro mononieth^hiniliiie IS A colourless liquid, boiling at 102' 
Its Rp gr is 0 07(1 at 15” 

DimethylaniUne, (Vis ^((’11.,)^- The inamifiu tiire of tins 
has btrii dc.scrilN>d in detail by .1 Walter It is obtained for 
technical purposes by lieating SO kilos of pun* aniline. 7S iif nirthyl 
alcohol, luid 8 of sulphurie ncul (06'’ lie - - sp gr 1 Stl) in an 
nuto(‘lave to 2:K>'235‘ for nine to ten hours The aiitochive is of 
east inm, enamelled insidi*, and the mpiisite temperature is obtained 
by ineaiiH of a bath of molten alloy, in which the nutiwlave is 
iininerHed The allo\ is conipos(>rl of lead, 71 ])er cent , and tin, 
20 ]KT cent During the heating, the pressim* in the autoclave 
rises to 30 32 atinosphen's by the end of six hours, remains constant 
for another tliriH' hours or so. and then gradually fallx 

After the reaction is completed, the vessel is allowed to cool 
down well, jinderably during the whole of the next day, when it 
is opened, and the issuing va])ours passed through a condenser 
to recover the methyl alcohol pn^simt in thorn Methyl ether, 
formed as a by-produet, is also present ; it is either allowed to 

> (Viin, “ Iiiteniii'cliatc I'rodurts,” p. 00. 

• Diunini'r, " (.lioiniM'lio Tccliiioltigii%” 2, 9-IR. 

> 1) It I' . L'.'HIS.IO. 

* Ko(i Also A paper liy Fraiikland, CiMUIcngi'r, hiiU Xicholls, Trans. Vhem. 
Hoc., 19l». 116. 198. 

^ I'Acw. Zrif.. 1910, 3i 041, 007, el nq. 
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escapr in the f^aseniis form, or h n>roverei1 ih iliniethU Hulphnte 
by absorbinj' it uith fuming Milpluirii* aiid 
Tho contents ot the aiitoelaxe arc then lNls^ell into a still, tofretluT 
with a quantity of eau'itie Mala solution eorresjaiiuiinp aith liir 
amount of Hiilphurie acid used The liberated dimethilaniline is 
nevt distilled olT in a eiirrent of Hteaiii, and {Hisses into u He|Miratin{; 
vessel, from a hu h tho eondensed a liter ean ht‘ nin off Tlie yielil 
of the dimeth}! [irodiiet m alsmt !W kilos, ru !I2 ]kt cent of the 
theori'tieal. 

The ehief impurities jireseiit in eommeieial diinethylnniline an* 
aniline and the iiiononielhxl eoiii|Miuiid, xuth some hijrher boiling 
condenaatioii-produds niisintr from the use of impure methji 
aleohol When iieeesssirx, the \aiious mipunties (an he remoxed 
by fractional distillation, or by freeriiij: out methisls 

It lis important to use aleoliol as fiee as jiossihle fioin aeeloiu*. 
ns the presence of tin.*' eonipound diininislies the xield, and renders 
the product iinsuitnhle for some puqHws 

' JJiiiieth,> Innilino is a nearix coloiiih'ss, oilx iKpiid, xihieh melts 
at or)", and boils at Sp fjr 0!Mi2 at irr’/iri It is used 

in the iiroduetioii of scxeral dyestuffs, / f/. nieth}! xiolet, imdh.vl 
oranjfe, Meldola’s blue (r>stnl \iolet. and niulaehite gieen, and 
also for the nmkiiij; of iiitros(sliiiulli.\lniijliiu* and dimethyl w- 
inmiopheiiol It is also said to he einploxed in (lerniiiny for the 
linidiietioii of ’ melhvl rubber,” in ordei to intrease the elasticity 
of the product 

A cataljtic process, for the pnaliietion of methyl aniliiicH has 
recently been descnlMsl A mixture of the vaixnirs of melhxl 
alcohol and aniline is passed ox’er ahimiim heated to n temiieratun* 
of 400-4110*' This j{ives a mixture of nionimieth}lanilme and 
dimethylanilme, with oiilj traces of aniline reiiiaininK in the inixlun- 
On adding further methyl aholiol and reiKaliiig the operation, 
dimethylaniline ia given (Mailhe and de OfHloii).» 'Hiia process 
diapenses with the use of aut(M*lax’es and high presHiiri*B, and more- 
over, the methyl alcohol ms-d not Im sjieeially imrilied from acetone, 
nor the aniline from water 

A aimilar method u said to be equally satisfactory for the pn-para- 
tion of tho methyl toluidmes If the vaiwurs of either o-, w-, or 
p-toluidine and methyl alcohol are {lawied over the aluminium oxide 
at 350 - 400 “ a mixture of methyl- and dimethyl-toluidines is 
obtained. A second treatment convertfi this mixture wholly into 
the dimethyl toluidinc.* 

Ethylaniline, C^H, NH This is produced by heating 

I Oompt. nmL, 1918, IM. 487-109. ■ /tuf., 504-660. 
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f'qiiiiiiolfciilHr (jiinntitirs of iimliiir ImhiN'Iiloiidr and cth^l alcohol 
iti IM)' ill an aut(N'ln\c, an uith the f orrcsiKindini' mcthvl com- 
pound On cooling, the cthvlaniliiic h\dro(‘hlondc formed crintal- 
hH(‘M out, and can thin la* M'lairated 
Kthylimiinc hoiIa nt and ita s)i fir at lo' lo is U(Mi4 
It has not much technical application 
Diethylaniline, f'all 5 N( 02 ^ls)s. ohtamcil h\ hcatmf; the 
requisite proportions ot aniline h\dnN'hloridc and alcohol under 
presMiire, hut is not readily procured complete! \ free from the 
monoeth>l compound It is a liquid, hoiliiifi nt 2ltir»", and of 
Hpcciiic firavitv OiKIlt at lo''/l.V 

Hy treatment with nitric acid it \ieldH ;Mulri»hodictli\1aniline, 
from which pure diethylaniline iiiiiy he ohtaiiicd toficthcr uith 
Uitrosophenol liy lieatirif; with dilute hodmm h\ dioxide soliition 
Diethylaniline is unisI for the pnaluctioii of thedvestutls hrilliant 
f^recn, patent blue V, nnrl ethxl purple 0 It 

Ethylbenzylaniline, ^ 

liipiid, hoilini; nt 28(1-280° under 710 mm ])rcssuie , it is iiM^d in 
the pn*|)aratioii ot the d\estiil[.s kiiovin as lijiht fiivcri SF, pat(‘iit 
hliie A, and xylene blue AS It max he prepared b,\ hoilmi; e 
iiiixtim* ot (‘thylimihiie (I part) and bciml ehioiide (2 parts) 
under a rcihix I'ondenscr for four hours llu* )irodu.'t Ixaiiii then 
fractionated to remoxe excess of ben/\l chloralc and cthxl.imlinc 
(Stebbiii.s) > 

Manufacture of formaldehyde. The piimipie m- 

volvi'd IS the oxidation of nictli)! nU'ohol x'apoiii mixisl xxitli air, 
by means ot heated 'contact ' suhstances On passiiifi the 
reHultiiiK mixtun' of xnpuurs tlirou<;h a siiitableieetifxiiif; apparatus, 
the xxater and forma Idehxde ore condensed, xxhilst uiichanfied 
meth,xl alcohol vapour passes on. to be itself condensed and iiseil 
again 

A useful pn'liiiiiiiary study of the ))rocess a ill be found in a 
M'lies of pa|H‘rs hx Orloft,- a short ncxsaint of xihi(‘h may he given 
h(‘re A measunvl qiiaiitit} of air xias passed through mcth,xl 
alcohol of vurioiiM stmigths and at various temperatures, and the 
mixture of alcohol vuiMiiir and air xxos hsl over the v'aiioiis hooted 
catal^xtic agents These were cup|HT turnings, timlay, and coke 
impregnati'd with tiiiely-dividiMl cop|X'r, asbestos iiiijiri'gnated with 
freshly-reducctl coppi'r, ceric sulphate, thorium oxide, " mohvular " 
platinum, and metallic platinum Of thesi*, the cuppen^d coke at 
880'42(l", and the iiictalliu platinum at 330-400°, gave the best 
1 ./. .I»irr. (’hem. Sue, 7. 4J 

.X * Abstniited iii J. Soc t'hem Ind., lUUS, 27. 13U. 419, and 117G. 
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virMs of foriiKililolixdi Willi Ihr lnin»*i .‘IMS |mt init , iiml miIIi 
111*' latter ll |M'r leiit of the mellixl iileoliol loiilil he enii\(>rteil 
into form ihlelnde Tlie-oxiclatioii of iiietli\l iileoliol is exothermic, 
ami iimler Miitahle coii(litioii«> uill pioemi uitlioiit tin* aid of 
exteimil heal when omi' stinted In other e\|H‘iiments. a current 
of iiir nt a \el(N ii v of 2 ."i litn^s |mt msoiuI was |i,is,sed through methxl 
iiholiol warmert to .'i.'l The air and lapoiir issuiiif: were led 

oxer a la\er of nnlmed co|i|Mi gaiire ill to ].> em long, in a tiilie 
of hard glaso contained in a jacket of inui and ashe.stoH, xvhich at 
the heginning xxa<i heated to ahoiit .‘UNr \o further healing was 
ie(|iiin‘d xxlien the reaction u.is (uiee staiti'd I'nder lhe.se con 
ditioii'>. ahoiit 4 !l |nt cent of the imdlixl alcojinl was conxeited 
into toniiHldehxde After eondeiisiiig this, the gii'ies remaining 
cont.iimst np to 2 il {nt (cmt of li\drogen. together with eiirhoti 
dioxide, carhoii itionoxide, o\,\g(‘ii. and nitiogeii Aiitoiimtie 
Ignite rs weie devisisl, to do awa\ with the* iiihsI for heating the Inlie 
eoiiliiiiinig till* eataixser nt the liegiiiiiiiig of the pioeesa Theae 
ignitc'is eoiisisted of pumiec* impit'giiuled willi a Miliilion of ehlorre 
platniii acid or ammoniuiii piilliidiiiiii chloride, and heated to 
rcsliiess, whcTehx tiiieix -divided platiiiiiiii or palliidiiiin la left in 
tlic‘ pole's oi thi' pnniiee In contiut with this rnati'riid the inixtiin' 
of iiiethil alcohol xapoiir and air, pn‘\ioiis!,\ hcsited to KM) igniit'K, 
and Itself heats up the copjiei gaii/e isilalxser to incsindeHei'iiee 

X'l a|iplicd industriullx one form of thia proee.ss is an followh 
t'oiii[iressi d air pusses at coiistaiil pie.ssiiie to u ' eurliim'ltiiig 
\es<,el 111 which it H heated, and where it meets a line laiii of inc‘tli\l 
nliohol, so that a warm mixtiin’ of air and aleoJiol xupoiir I'mergi'a 
Tins inixtiire i.s Icsl into the oxidising xe.sse] coiilniiiiiig the (iitulvst 
t'opjier gan 7 .e h iisiihI 1 \ emploxc'd. sometimes coated with silver 
111 Calxert's patent* the calahsts max he eop|M‘r WikiI, eop|M'ml 
H.slu'stos. or silxcH'd or platiiiisc'd piiiiiire. urniiigtsl hetween parti- 
tions of eo]i|M‘i giiuKC' The nil thx I alcohol in tills jiroeess (Calvert s) 
H jmssed with hot air cm to a hot rotary fan, and the uir thus 
" eiirhiiretted " is then led into the n*aitioii-ehamhi'r eoiitainiiig 
the enluixsts Orlo/T s oxidisc-r (unsists of a large iiuuiIxt />[ glaiw 
tijiN's eoiitaiiiiiig eupjN'r gauze, eai'h glass tuU* being jilaeed in an 
external copper tube 

The mixed va|XJurN isNiiing fnmi tlie oxidiMng x'eMf*! paiw into a 
rcs'tifyiiig or washing tower, where the water and furiiialdc'h^^de are 
HejHirated from the unchanged methyl aitohfil, hydrogen, and other 
gases, and collueted ac» a stiong tiohilioii (38 to 38 jxr cent ) of 
formaldehyde, constituting the eominereial “formalin" Meaii' 
1 X.I. 814 of IVl."}. 
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while, the rcmAiiiinK gfMCH and vaixairH puAN to a condenser, where 
moNt of the iiieUiyl ah'ohol in m'oveml Tlie hidaII (|iiantit\ Htill 
n‘inniriiiif; is washed out of the iMKuing ^ikch hy poHHin^ them throuf;h 
water, and the wdiiiion dutillisl to obtain the inethvl alcohol 
Fairly pure methyl alcohol of IM) {mt (smt atn'iipth, and containing 
not mon‘ than 1 iht cent of at'etoiie, is used for this pics'ess 
According to Kirsten and others,^ working with a vacuum distilla- 
tion apjiaruluH, even dilute solutions of methyl alcohol (Ifi ])er cent ) 
will with a loa vacuum (fiiNJ mm ) give off vapours to an air current 
aulHciently rii'h in methyl alcohol to lx* usi'd for producing formalde- 
hyde. . 

Acotaldehyde.-' -This oxidation-prfxluct of alcohol is em- 
filoyed industrially in the preparation of eiTtnm aniline djiestuffs, 
and also in making parahh'h^de, which has some application m 
medicine The two cluef sourees of eonimereihl aldehvde aie tin* 
hy-])rodiicts of wotsl distillation, and the b\ -])ro(luets of alcohol 
n'ctitication As the boiling {xnnt of aldehyde is only 21 the 
eomixmnd is foiinrl in thc^ fiist runnings of the distillatcN Kiom 
these it is separated hy fractional distillation and nstilieation 
The aldehyde for tiH'hnieal piirtNMM>s obtaimsi from wood is usiinll,\ 
of about tlo to !)(> {nt eiuit purity 
Another metluxl of obtaimiig acetaldeh^de iitilisi'd m rei ent \ears 
is the catalytic oxidation of eth\l alcohol A eiiiient ol lur is 
bubbled through warm nhsihol, and the issiimg \upoiiis an* led 
over a heated liuel}-duidtsl metal serving os eatalj^^t, m essi'iitially 
tho same niaiiner as is dcNcribed m the. case of meth,\l alcohol A 
proce.SH not involving alcohol may lx* briefly mrmtioiied, namelv, 
the deeoinposition of lactic acid mlu ahh'hvde and formic acid 
brought about by licatmg it with dilute sul])liurii‘ acid The 
laetie acid solution einplo^i'd is ohluiiuMl by ferment iiig a " mash ” 
of potatixis with the lactic acid bacillus 

It is (pjite possible that these various inetluxls of obtaining 
aldehyde for industrial purposes will siioiier or later be siijierseded 
by processes based uim»i the oxidation of acety lene In one such 
process this gas is led into a hot dilute sulphuric acid solution, 
containing not more than nlxmt six fier cent of the acid, together 
with mereurio oxide. The aeetyltme is oxidiseil to ucctaldidi^de, 
which forthwith distils frem the hot Inpiid, so that the pnx'css is 
a continuous one. Thu incrciinc salt is gradually reduced to 
nietallic mercury, which can be re-eonverted into thi* oxide electru- 
lytieally, and usixl again A gtxxl yield of pure aldehyde is 
Slid to be obtained.* 

* ZuUieh. angew, CAtm.. 1911, 51. 2439. 


* F.P , 465370. 
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On a hiTiall soole ii c IioiiiK'iilIy as fullnus 

Tvo hiiiuln^l and ton prams of ]v>ta»>Kmni )ii('lin)inati', hrokoii 
into |iioros aUmt tlio mIm* of a )M'a. aiv pliuiil in a larpi* lounil- 
iKittomM liiuk of about litres ruiHioitjk , topcthiT iiilh S4(l prams 
of untor Tlio lliisk is litbsi Mith a tap fiiniic]. and is ( (iniiri-led 
with a coiidciwr and n'iri\4‘r. tiu' latlor la'inp violl eooli'il with 
ire KtK^pinp the flask mihsl. a niixtiiie of 2M) prams of a]('«))ii)t 
(iN) |irr I'cnt ) and 2K0 prams of strong sidphune and. also \i(‘ll 
cooled, is alnwly addnl throuph the funnel, and the mixture well 
shaken Much heat is e\ohnl. and aldehuh* distils o\er. uith 
mon‘ 01 lesN ^4ate^. aeetal, and alcohol Touiinis the end of tht‘ 
o|MTUtion the heat of a A\atet-balh iiia\ 1 m‘ ajiplied to thi' llask 
The distillate is nrtiKnl on the uatei bath at about od , tiu* vaiMturs 
bnnp led throuph a ndliix loiidniMT, uhuli letains water and 
akohol into receivers eotit.iimnp anhulroiis ( Ihn The ethensd 
solution of aldeliMle is now satiiiiited with pasrous amiiionia (dried 
b> passinp over lime), when the uldeh\de amiiionia sepatal-es out 
ns a white, (i\>talhne muss This is sejuirated, dranesl, wn«*hed 
with ether, .iiid dried Pure .dtlehxde ma\ be ohtninisl fnmi it 
b\ dissiilvinp it III an equal weipht of water, and distilhnp the miIu- 
tiori on A water bath with dilute siilphiirie and (1 o paits ol eone 
sulphuric acid to 2 parts of water) The <listillate is lollected in 
a Ksiled iveenei and dehydraU'd with (iilnuin ildoiidi' 

.\< ctiihh’ludi’ H a colourless, mobile liquid, sji pr () Titol at Id , 
and boding point 21 It Her\cs foi tlie pieparntion of jairaldebule 
as aln-ady mentioned |{\ the .utioii of aiiiminiiim alcobolale it 
iS(oii\ertcd iiitoetinl aci'tate ‘ Thii.s e(li\ I acetate ean be jiiiKliieeil 
from ai'etvleiie 

Production of vinegar from alcohol, in tins 

eouritry very little alcohol is uhikI for vinepar innkinp On tin* 
(\iiitinciit, however, a large quantity is eiiiplo,\nl for th(‘ piir|Nm(‘, 
more than thm' millions of pallons lieiiip used yearly in (oTinuny 
alone Thu pniHuet is lai^fely ein])lo}nl for ordinary domestic 
and ]ul'serviiip n^quirementu ; the quantity usi'd induHtrially is 
mainly devoted to the making of white lead anil ])linrmneeutieiil 
lead acetate To Dome extent also it is used as a source df pun* 
acetic acid, hut it here competi's with the and derived from distilla- 
tion of wbod, and succisis or failure depends uism the iniee of the 
alcohol. 

The process of manufacture is that of '* acetificatinn,” or oxida- 
tion of the alcohol by incaiu of Haeierium acWf and ulliml organisms. 
The must suitable of these are used as pure cultures, J’urc aqueous 
* TiaclitMclioako, Chim, Zenlr., IWm, 2, ISlW, ISSi. 
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Al(‘nh(il Hlnn(‘, hou’rvt'r. (1 (K'h not Aiiffior an r inediiini in which acetic 
frrmcntiitmn cun take place, ainci* nitr<igeiioiiH HiiliKtnnieH ami Hnlta 
fire neeer«Mir\ for the growth of the organiainH Cum* Migiir or 
gliieoHc s\riip (< .ipilliure) ih iisimlly adileil, in the ])io|iortion of 
I to ;i kilos |)er KKI litri'h of pure aleohol pieM'iit in the goods '* 
or iiiaHh. to Mi|jpl\ the enilion retpiin'iiieiits of the acetic Imctcria , 
while the nitrfigenoiis needs an* met with the reipiisite miUh Most 
of the modern npirit \inegiir faetories use inoiganic miUh, chiefl\ 
Held jihosphiite of ammonium, siMimm. ami potassium, and also 
ammonmm and Jiiagiiesiiim siilpiiiitcM Th(‘S(‘ Halts aic arranged 
HO as to toriect anv detieieiii,\ of niinend matter in the xialtT 
Hiippli .Mioiit .*iil t(» loti grams an* iiseil per ItHI ]itn‘s ot pure 
alcohol llcer and malt extiacts an* also emploxed as nutiicnts 
instead of the salts and siriifis 

The acetitnalion \es,sels aie geiierall) of c\lindiical form, from 
1 to 2 incties in diameter, and 2 to .1 metres high They ii.siialK 
contain lieediwisid sliaiiUL'" lestirig on a iM^rioiated false liottom, 
and eoieied uitli a similar pcrfoiated disc In tin* sidt>s aie hoh's 
foi access oi air, a siippK of uhiih is nccessaiv for the ovidation 

The alcoliol is diluted to a sticngtii ol ti to III per cent , mixed 
\Mth the reipiisite initricnt materials and deliu-red on the top ol 
the siiuviiigs in means ot a i-otalmi* spargei \Vh(>re the latter 
IS not pioiideil, the lapml is,simpl\ iMUin'd upon the iipp(>r peiforaled 
plate, and led into the inteiioi l>v means of shoit pieces of tviine 
passing thioiigh the holes When .slaiting with n neuK-paiked 
xessel, the pine eiilluir ol the hiiiteiniin is mixed \uth the lirst 
iharge of alcohol ,siilise(pienlh some of the ne(*titied product is 
Used for mixing with the eliarges 

Till* dilated aholiol tiickles lionnunids Ihioiigh the shavings, 
on which the leinieiit sciuies a l<Nlgment, and is gnidually oxidised 
as it passes down 'I’he temperature ot the neelifving room w kept 
at 2d 20 , and that ot the vessel, in which heat is dcvclo]M‘d hy 
the action ot llic Icimciit, is iiiaintuiiicd at 2o .'kV' hy controlling 
the admi.ssioii of an and of tin* alcoholic charge The rcHiilting 
vinegar collects in the hot tom of the vcsacl and ))rhm's out through 
a swan neck tuhe It should still contoin a few teiitliH jxt cent of 
alcoiml. since li the latter is coinplctelv coiivcrtwl, the acetic 
hactcria arc liahle fiirtln'r to attaik the neid itself and diminish the 
,v leld 

Ordiniinlv, the pUMliiet ohtaiiusl h\ this pnarsH contaiiia from 
4 to ti |M*r cent of ais'tic acid , a much stronger acid is liable to 
weaken or dcstro} the acetic Iwcteria " Double " or “ triple ’’ 
sticnglh piiHlucts can, however. Ih* pimlucitl by mixing the ordinary 
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viiir^ar uitli fn*Mh aIcoIioI aikI tn^tincnt in olh(‘i vt'SHflt* i-oiitaininf! 
auitahlc o^Katlktln^ rp to 12 {nt mit of iii'iil (hii thus U* 

III till' liquid 

■Spirit iiiilurnll\ roiitiiini iiiori' or Irsi cxliai-tixi' iimttri, 

iiiiMiii' fniiii till* Hii^iir .iiid iiitnijri'iioii't siilihtanrr'o um'iI as niilii 
ini'iits Till' Mi'ld Is aliout SI) |H‘r rnit of tlir fliiiin'tinil . niucU 
loss oi'iiira thniiif!li i‘h<‘A|ii' of iili'oliolii and uml vapoiira. tlioiiKli 
in soiiii' of till' fartorii's apparatus is insialltsi to n'l'oxcr thcai' 
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AU^OMOI. AS A SOUlifK OF LKIHT, IIKAT, AND MOTIVE 
POWKR. 

Alcohol as illuminant. - The of ulrohol for li^htinK 
purpoHCH (lalcM from llic (‘iiriirr of the nincttrntli mifiiiA 
Itfl nnn-lunimoiif) Hnmr van n'lidoii'd liiniinoiis li\ an lulmivtiin' of 
t<'PfM*ncM or other hulnienrboiiM Tur|H'iitine waa cliii-llv emplovecl 
for the ])iiri)0He, liiit (ainphor, e<uil-tnr imphtlm, and shale oil Mere 
also UM'd. The jirodiiet was varioii^lv known as eam|>hen(' or 
eaniphine. KOi^ogeiie, ' eam]ihornted gas, ' and " Imrning (hiid " ; 
iind pr<'vioiisly to the intnaluetioii of (Mdroleum for lighting purposes, 
ahoiit the year large (plnlllltIe^ of aleoliol wiM'e employed in 
making these illuminating mixtures 

The names “eamphene” and ’‘enmphme" were aUo appheil 
to reetilied tur}K'ntine, wiiii'h its<>lf uas used for hiirnmg Turpi'iit me 
oil alone, however, hums with ii flame whi(‘h, though luminous, is 
very anioky When mixed with alsnit four jiarts of aleohol, tiir|M‘n- 
tine gives a llame whieh is still Inminniis, whilst the smokiness is 
muoh diminished AeiS)nling to W F 1Iemek‘ sneh a mixtifre was 
introduced by Wehh into the United Stales in the \eiir ISUIJ, hut 
the weakness of tin* only alcohol obtainable by him eaiised some 
dilheuUies with the product flliimiiuiiits of like eharaeter were 
also iMMiig prodneed in Great Britain ami France at about the same 
time, or a little earlier A patent granted to Ludersdnrf of Berlin 
in the year 1834 deseriU's a niiston' made with 05 ]x*r cent, aleoliul, 
of whieh four volumes were used with one volume of rectificfl spirits 
of tiirix^ntine. The fluid was Imminl in a lump provided with a 
wick, and the lamp was lighted by igniting a, little alcohol placed 
in a cup surrounding the wiek tulie. 

Later on. the invention of the Auer incandescent mantle for gas 
flames affonled another means of obtaining light from alcohol, thus 

* “ ludiutnol Ak'oliol,'’ p. 207. 
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diK|K‘n»in>; uilh tlu* nm'Nsity of onrii'iiinf; tlio Kpirii with hydro- 
rarhniis A numlK'r of ]ain|iN hH\o Ih'oii iloviM'd for tin* ronxoiiionl * 
application of this principle for usi* nith ordiniirx denatured alcohol 
The spirit is vaivtrM. and the vo^siur mixed uith air ns in tho 
Hiinsen hurncr is ignited iindfT such conditions that tlu* tlaino 
impinpi's u|Kin a BUiMTimiNiwxl mantle, ond rnisiN it to ineandcsei'iK e. 
Tamils of this characti'r Miilnble for hou»u*hold iim*. slnx*t li|;htin}(. 
and the ilhiminalion of Inr^e huildinjfs have lH*en mnniifaet lin'd on 
the Continent for many year* Qiii'siioiis of price ajairt. the 
advantaftcH claimed for alcohol as nffiiitisl petroleum (KeniNcnc) 
for lii'htim; aiu that t)ie aleohid lamp i.^ piacticalli odourless and 
smokelcKi, radiates lex-, heat, and pics a v Inter and more uniform 
li^ht In addition, nh'oliol ih s.ifei than keioseiu'. inasmuch as in 
case of the the llaine is more leadili e\lnipiishiHl by water, which 
is inisciblo with alcohol but not with ken>*>i^‘ne. 

Alcohol as fusL- in uddituai to its employment in ordinary 
spirit lamps, wheie it is biirnnl diietti} bv means of an ignitixl 
wick, alcohol is U'^ed as a soince of heat ni larioiis appliances for 
warming, lookiiif* and olhei o|M‘iiitioiis Thes(‘ appliances include 
stoics for licntm;' small icmmiis, ovens boileis, and hot plates for 
ccsikiiiK. blowpi|M's for soldciiim niid braxin^ work, burners for 
laboiatoi) use , and hcsitcis toi Hat lron^. eiirliiiptoiiKs, and other 
iioinestie articles In p*n<*ral the pTiiui]>le adojilc*d for these 
foieis of heating; apparatus is that of the Muiisen buiiier; the 
alcohol Ls ia|Ninsed, and the vu|Muir ini.xed with nir is ifpiitcsJ 
The blow])i]K‘s an* fc'd with alcohol, or with a inixtun* of aholiol 
and n hydroeaibon ml ('" {arhiindtcsr’ alcohol) under pressun* 
Applied bi iiieaiiM of a small hand piinip Krecsloin from smoke*, 
s(N)t, and ash is an advaiitiiL'e of these heiitiiig ajiplianccH coni])ured 
with eonl fires 

Solidified ” spirit. This pioduct, winch IS Ubcsl for 
biirnnig. is a mixtiiie of soap and uietliilated alcohcJ. c oiiUiiiiiii); 
usually about .1 to 7 ]M'r cent of aoap The latt4T is jirmluecd 
within the spirit hy sajsmifying stearin with schIiiiiii earboiiatc or 
hydroxide, the inixtnru being head'd. On cooling, the Roa]> forma 
a bulky, soft solid whieh cM’cludi^ the spint 
' One variety ls made by melting 4 5 fNirti} of Rt(*ariii, adding 
05 part uf ocKlium carbonate and 05 |Mirts of nieth\ latinl spirit, 
and heating the mixture for an hour in a clowxl vessel. 

An American mipe is as follows ; Ahsikol 1,(NN) e o., sti'arie acid 
60 grains, sodiuiii hydroxide 135 grama Dissolve tho stearic 
acid in one-half of tho alcohol, and the oodium hydroxide in the 
other half. Warm each solution to 60^. Mix them, and pour into 
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Hiiitahlc corilainiTH which have |irc\ if)iiHly hcfii wanned t<i ($0*’. 
' and allow to holidih 

A patentiYl HolidiHed alcohol biiniinf; without aoot " is (‘oni])os(>d 
of ethyl alcohol (HI })ariH, methyl alcohol 40 parts, and sodium 
stoarato 2 -3 fiarts ' 

(*oloiiriiig matter such as methyl violet is sometimeH added to 
theiK' preparations 

Inatead of soup, collodion may Ih‘ list'd , the process is rather 
mon* costly, hut the pnKliict has a la'tttT apfa'anuiee In geiicnil, 
(ht‘hc spifil-HtNips and collodions arc list'd maitil\ us domestie 
luxuries such as toih't liinips or traxi'llm); spirit-lain]Ks , th(\\ an* 
too ex]M'nsive for i‘m|>loyriient as industrial coinhiistihle siihstanccs 
'I'hc SOU]) pn'puratioiiH, howewr, put up in small tins, ha\e hi'eii 
fttiind very convemient ftir use as little cookers ’’ In trcKips on 
active service ^ 

According to a note in the iVc/r^.^ the tlisct)\er\ of 

Holidifitsl H[iirit " was due to an nttem[)t to hoodwink thi' I'liris 
ortroi officials Nome M'urs ago an unscnipiiloiis indiviiluul, m 
ordt'r to dts'i'ivt' the olfict'rs, concened the idea of |)oiiiiding u]) 
white gratiHl stiap in a mortar and mixing it with an (S]ual wt'ight 
of alcohol Hi' thus ohtaintHl a sort of homogeneous |Nist('. which 
he intiuhled into cakes, and ]m.sMsl Ihrough thi' or/rot without 
difficultN The alcohol was then recinered by simple distillation 
on arrinng at its destmatioii This ileiice pn‘sentl\ brought it.s 
author into the police court hut the ])rocesK was taken up again 
in an honest niaiincr, aiul was the origin of the present mi'thmls of 
pn'panng ".solid” alcohol It is one of the ran* mtiiccs which 
fraud has fcndert'd to tinde 

Alcohol as motive power.- .Xs a source of power, alcohol 
has hei'n applitsi m a manner similar to that in which jx'trol is 
iistsl for the driving of iiititor engiiit's The vataair of the alcohol 
mixed with a due pro|Mirtioii of air is drawn into the cUinder of 
the engine It is thcre^compretistHl and ignited , explosive eomhuh- 
tion follows , and the extMinsion of the n'siilting gases pniya'ls the 
piston Aliseriee of disagnx'able (nlours, with lower \olatiJity and 
therefore less danger of fire and smaller loss by rvaiioration, are 
important advantagi'H claimed for alcohol as eoiiiiiarc'd with ptrol 
for inot-ors It has a higher Hash-point (about 17° (' or 65° K ) 
than petrol, and more of its \npour is needed to form an explusive 
mixture with air, so (hat aleohol is the lesa dangerous In hot 
countries, where there is likely to be iniieh waste by evayMiratioii, 
the adraiitage of lower volatdity is syieeially noteworthy. 

> U S P , 1277149. > 1013, 107, 237. 
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A jrieator “ nr of woik limu* t»i lind rx|N‘iKl(‘i1, 

ih aImi cluiini'd for iilcolio] Tnir, lt^ laliUiHi \;ilii(‘ h oii 1\ ahoiit • 
fi\r-<‘iplithM (»f that of iwliol NVxfithi-lfss it** Hlirinu x im t Itrak*’ 
lioFM' |Mi\i«'r from to ,'ll <riit mniiuiMi] with from It) to 
22 |M*i rent for pdi-ol Tlii- I iicImt Hhrn*iii \ hiiH' fomjioiwilra 
for till' lowrr nilontir xnluc tlu* priHinct of liilniilii' \nhir niiil 
dhru'iii'v H A|)proximntrl\ tin* ^Aml‘ for thr two lucN 

Tilt' following n'liiAik'* h\ I'lof U'wcs iin' iiiMiiidiM' m romii'i 
turn with till i(Urdioii of umiik iiliohol ns n inoloi (lu'l ' 

If iilrohol iiiiil ]ji'trol 111' (ompniril. it is mi*ii liuit thr rnloiilir 
x.iliir of thr former i.s not iiiurh moir than one half tlint of tlie 
l.'illri, s(i that from ihi'* ik»iii 1 of virw nliohol wonlil apprar to he 
out of the ipirstion as a lomprtiloi with prtml 

^ Milin s 

ImIoihh Mill 'llieiiii 
. |H r kiln I lll1^ p« r 111 

|^•lln|. hli lit (MlN4 L’O.'lJt 

M.llixlalnl ^pinl 

In |ii.i(tu'e. howcM i thr dillrrrinr almost (Ii.sappr.ifs \ lrs( 
liiaile with thrsr liirls ill two S h p illpliet ihsitMiril for then lihe, 
i;a\e tlie tonsiimptioii as follows 

I'l I ll |» linill 

I'ltml III) ^’iiiiii' 

M< ilix l.io »t -imil IT I I 

The eftuieiK \ ohiaiind with tin jM-lrol w.is (aludalni tmin these 
irsults to lie onl\ lt»o pel 'eilt . as an.iiiisf 2H per i enl with the 
iilriihol 

Thrie is nuompletr roiiiliiislioii ol tin p» Iml iiwniL' to snoiidaix 
rein tions \m ordin;i to ,Siiirl m iii.ini ».isis a^ imii h ns sj ]M‘r 
ernl of llir hxdmueu and 42 ini »eiit ol the larhon present in 
tH'tiol Is wnsteil from this r.iijsi- Tliriiirti> all\ . one \oliiine of 
IM'liol \apoui lrlpllle^ 4."! o \olniiies of .iii toi lomhnsiion, as 
rak'ulated from the equation - 

(',H„ , I‘.MI tit'tlj . 711, t» 

(where the iiotiol la taken as iN-irif; equhalent to hexane, f’,!!,,) 
Ill priu tiee, howexer the xoliime of mr admitted is Ki iiendlx about 
\ \ tiniea the theon-tieal pio|Hirtioii, and i.s Unis iiboiit 4IS xoliinieN 
of air tn one of ja-lrol xniMHir Koiir-lifthh of the an is inert nilroKen, 
which tenda to hinder the eomfiuhtiun 
With alcohol there ih not the same difiieiiltx in ifctliiiK iipproxi- 
matelv complete eomluiHfion, ninee one volume of oleohol vapour 
I V. H Leweu, "Liquid mid (Jamoun FiieU” J02 
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rM|iiin'H thoorotirally oiilj 14 3 volumes of air— or nmfrhly alwut 
one-third of the r|uantity needed by i)4‘trol Mrjreover, double the 
amount of eompri'SHion iKHwible uith fietrol ean be emj)loyed 

Summing up, we may say that the (treatcT effieieney of aleohol ia 
due to several bu'tors The volume of air required for eom|»lete 
eombuBtioii is only about oiic-third of that required by petrol, 
thus redueinK the waste of heat in the exhaust This smaller 
dilution Vk ith air eiisun's more perfeet admixture lu^fore the explosion, 
and e(inse((uently favours eomplete eombustion The mixtuie ean 
Ih‘ Hubjeet<‘d to a pressure of 20<l lb jier sipiare ineh in the e\linder 
without spontanixuis ifEnition. wlu'reas the safidy limit nith ])etrol 
is 80 II) Mixturi's of aleohol vn|Nuir and air, containing any pro- 
])ortioiis betw4‘en 4 and 136 |)er cent of aleohol, are all explosive, 
whiTeas the explosive range uith pidrol and air is only from 2 to 
5 fier (‘('lit , thus n'qiiiring more exact adjustment of pidrol and air 
in the e\ liiider 

Tlu‘ exhaust from the aleohol engine is smokel(‘s.s and nearly 
odourless, and the ])rodtietH of (‘ombiistion rio not clog tln^ I'vlinder 
valve's 

On the either hand, should the e’emihustion be imperfe'e't, ae-etie 
aeid and eithe-r eorreisive preidiieds an* liable* to be* formesl from the* 
aleohol The'se*, ulie*n they ee)nde*nse to the* lie|uiel form on e-ooling, 
are prone* to attack the* ine'tnl surfaces uitli uliieh tlie*,\ come in 
contact, eausing de*te*rie)ration of the e*rigine* Moh' important 
still, the le)ue*r veilntility of nle‘ohe)l has the* disiiilvantage* that it 
makes the e*ngine* mein* diflie'iiU to start. t's|)e*eiully m cold weather 
Unless the* vapeair te'nsifm of tho fiie*l in the e'ylinele'r is nlu>\i* a 
certain limit, it is not possible* tei eibtain an [*xple)sive mixture With 
IK’trol, then* is nei elinU-ulty in se'ciiring this Using a light iM*troI, 
it has be>en fouiiel that an expleisive inixtim* can be e)btainc>d at 
0" anel at a pressure of 40 lb per square ine‘h, uhereas air saturated 
uith alcohol vn]H)ur at all tenifieratures be*low 20” is ineoinbiistiblc 
oven at iitiiiospherio pre'ssure ' 

Nevertheh'ss, the advantages of alcohol remain, and it is possible 
to remeive* the disadvantages. One method is to use a more volatile 
fued, r g , iietnil or benzol, os starter ; and when this is done, it 
is founel that running a few revolutions with the petrol or benzol 
iK'fore stopping the engine will also overcome the trouble of corrosion, 
ns acid vapours are tliiis swept out liefore the'v eondeiiiK' and attack 
the me*tal Another method is to mfx a pniportion of iiieire.* volatile 
liquiel with the alcohol itself. Thus one proposed fuel ('* natalite ”) 
IS stateel to eontaiii about 40 per cent, of other, together with a 
> Wntwn anel othen, J. Soe. C'Aem. Ind., 1016, 8i 266. 
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traop of ammonia to noutmliw any tindiurx (o ncidii y that may 
develop during the eonilMiMtmn In trials of (his mixed fuel the . 
engine is dewTiiMil ns starting l•llMlY either - from i-nld " or when 
warm, and the fuel eonsunijitinn xins almost identiuil with (hat of 
|M*trol The only alteration of the engim* found ni*ees.snry was a 
(•light ix'diietion (»f the siippK of air to the niihurettor, and (here 
HUH no tendeiiey to corivisioii Other niKtiiies. \uth jadrol, heiirol, 
aeetoiie. ete , are descrilMil Liter on 

A good deal of ex])eriineiitAlioii uilh aleohol motors for agri 
eiilturiil work, erenmeries. piiiiipiiig plants and so on. and also 
for loeoinotive jiui poses has Ims'ii cirihsl out hotli in this eoiintry 
and on the Coiitineiit. hut es|MM'ialI\ in (ierniain In the Tnited 
Stales nil evteiisiM inxestigation has hmi made into (lie (piestioii 
of the eoni|mrntixe X'aliie ot aleohtil a*»n fuel. mimiroiiH e\|NTinieiitrt 
on gasoline (|S'tn»l) engines and ah'ohol engines liaxint! heen under- 
taken ' Tin* geiieial eoiu’liisioii'* aiiived at in lln'si* Inals wen*. - 

(1) That anx petrol engine ol (In* oidinaix txpe ean he inn 
on aleoiiol without anx inateiial altdiitioii in tin* (*oiidruetion of 
the engine 

(2) The eliK'f dillieiiities likelx to. Im> met with aie iii tin* 
starting and in Hippixing a snllitieiit (jiiantitx of fin*l 

(3) The niaximiiiii jHiwei is nsiiallx gieatei with nleohol. 
Mid the engines are inoii* noiseless than with |H>trol 

'I) The fuel lorisiiiupt loll ]h*i hi like horse jiowei with a good 
small stationarx engine max he expeeted to he 1 Ih oi a little more 
xxilli nleohol, and (1 7 Ih with ]N*trol (0 12 gallon and (l Id gallon 
n'speetixely) 

In these Tniled NtuteM l•x(s*^Illlents the engines xxere woiking 
under the best eoiiditions, ninl xeiv high etlhiemies were obtaiiied, 
hotli xxith nleohol engines and |H*tiol engines, iiuinely, 3tl ]a*r eeiit 
xxith the former fuel and 2ii |H'i rent with the latter 

A special eommittee aptHiinted to exaiiiiiie this ijiiestioii for tho 
Aiislrahnn ('nniinonxveulth Arlx'isory ('ounril on Srirni'e and 
Industry n‘iMirts as follows * 

*' When ulooliol is list'd in nil tinlinixrv ]N*trol engine tlio eoiisuinp- 
tion of fuel per b li p i» alaiut TiO jier ef>iit, greater than in the 
rase of jjetrul It apiieam, however, that the eonsuniption of 
alt*t)h(il fier hh.p in a siNvially dr*sigiied alt'ohol engine will not 
ex(*et*<l 111 volume the eonsii nipt ion of petnil in a jietiol engine, 

“ The mam alterations iieet'ssary in tlie^.>rylbinrv design of iH-trol 
(uigiiies in onler to tit them to work cflieieiitlx on aleohol aa* ua 

• Bulletin So 392. V.H. dfvl. Hurvoy. 1909. 

* Krport vf EiECvutiXT Coinnutt<pe, C. 7063, 1017. 
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fullow, viz.': (fl) \n iiicn^ANcd (‘oniiin^Nsion fntni AlK)iit T.*) lb. 
|N'r Nquaro inch, which iH the nvcraf;c for )M‘trol cnf^incH. to about 
IKO lb iMT HquAn* inch, both aljovc atmospheric pressure , (6) a 
pre-hciitin^ of (‘ithcr the fuel or tlie air or of th(‘ mixture of fuel and 
air , and (e) an incn'ase in tlu* area of the fuel jets and fuel supply 

pi|M'S 

" Though an alcohol cngini* dchigiii^l in the above inaiiiuT will 
run elliciently. it cannot geniTaily bf‘ started fnim (‘old with alcohol 
111 onlcr to overcome this dilficult\ some s|H‘cud means must be 
provided Kor exaniph', (‘ith(‘r the carburettor must he tirc'henti'd 
h> a torch or m someotimr u.i\. or an ariangiummt must he ]U'o\idcd 
wh(‘reh\ a small amount of petrol can he us(‘d at th(‘ start When 
a tem|M‘ratiire sullii'icnt to \a|M>iiH‘ tin* fu(‘l is nttamed, the ahohol 
can Ih‘ giadualh tuined into the (aihun'ttoi and the imdicnting 
ol th(‘ fuel ninuitain(‘d by the exhaust g.ises " 

The following is a more detailed summarx ot tlu‘ rondusiiiiiH 
arrixed at in the American e\|M‘riments alrendx lefcrred to. 


•‘Aiistkaci 01' rSA (iKoiAM.irvi. .Si'iivi'.v llui.iiiN No 

(ViMxiMid VI. m.iucrioNs fkom (‘ompvuison oi- (i'vsolim, 
ANIJ AlA'OIIOIi TI-iSTS (IN INTHIHVL (dMlII SHON LM.LM S ' 

" Htj H .1/ iSVimu/ \\\i'ihtnyto». (itfmhmrtt I*7nttni(/ <)fjin IIMU) 

“ I IntuMhidimi The Bulletin turmslu‘s a summarx ot tiu* 
commercial results ot 2,(KN1 tests eondueted h;x the V S A (hsilogieal 
iSurxcx at St Ijoiiis and Xoifolk in 1!M»7 and l!M)8 The tests dealt 
primarily with gasoline and foimed pari of the iiix'estigation into 
mineral fuels 'I’o d(‘teimine the relntixi* eeonomx and ellicieiicy 
ot gasoline it was comiainsl with denatunsl alcoli(»l 
" 2 iUffrrem'Jt nt Knqnien The onlx change mpiired for the 
use of alcohol m n gasoline engine, il mix, is in the size of the fuel 
|MisHAge-waxs With this change alone the consumption of alcohol 
will be fnim U to 2 times ns much ns the eonsumptiun of gasoline 
for the same power 

'■ (i) Nperm/ Engintv Jm Alcvhd By using alcohol in an alcohol 
(Uigine with a high degnr of coinpn'saion (iilKuit IHB lb [ht scpian* 
inch above atinosphene pnwun*) the fiii*l 'eonsumjition rate can 
ho reduced to ])rnctically the same ns the rate of ('onsniiiption of 
gasoline for a gasoline engine of the same size and sjknsI 
" When nleoliol is used in a gaaoline engine with the maximum 
degree of compn>sKion for gasolim*, the nx’ailable h p of the engine 
Is ineieasi*d about IB per gent. An alcohol engine with tho 
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iiiHxinium floKn^' of roinpn'sMon for iiliohol \iill li.uc* nii ii\ailal)lr 
h p 30 por gr(‘al(‘r thiiii a };n.*<olin«' nf tlir '*aiii(' ('xliinlrr * 
Htroko. ami aiK'rd 

" (ii) .l//rrrf//oN of A'a^iMci Sunii' i(asoluu< 

may Ih' ho chatigtal that a KiifliiU‘ntl\ ln^h ('<iiii|a(>hinn is M'currd 
to make it poasdik* to n'duco th<* conauinplion of ali'oliol in ({allons 
jKT h p ptT hour to an apiidUx with that for ifasohnc ladon- thr 
nipino was (■lianK<‘<i The d(‘pree of eoinpn*sMoii nia> he mosl 
easilv ehan^jed h> leiiKtheiunK the eonnedmfi lod 1‘lns max 
often he done l)\ piittmjr lines hetwiN*u tin* crank pm end of tlie 
coniK'ctm^ rod and tin* crank hiasses Hut if I lie c\)indei is 
eounterlxired oi if there is not Mithuenl n»om at tlie head of the 
(\Imder a m-w cxiimlei sJioiild Im* east with sinall ilearame spine 
“3 1/oW Hrotionnral I >ivnf of f'oMUKAfiOoi \ jiasoline enj£ini‘ 
haMii}; a eoiiipn'ssKin piessiin* of 7n Ilf. hut ollierwise as wi‘ll 
suited to tlie eeonoiiiieal use ot dfiiatuied aliolufl as ^asohne. will, 
will'll iisinji alcohol, ha\e an a\nilahle h p about HI per leiit ureater 
than when iisin^^ jfasoline 

When tlie liu'Is tor whuh the\ aie designed are used to an 
eipi.il nd\aiil<ige tin- iimMiiiuni a\ndahle h p of an ahifhol engine 
haMiig a eoinpiession picssiiie of ISO lb is about iltl per «ent 
gieatei than that ot a gawihiie engine ha\ ing a (oinpn'ssioii |iiesMiie 
e,' 7tl Ih hut ot the same M/e in nNjin t to exiindei diameter stioke, 
and spei'd 

‘ \Mieii deiiatuied aleifliol !•* used in 10 tff lo hp tour-e\fle 
..(.itumuiv CIIKIIK". Iiimni.' .i i <.iii|in'sM.iii nf iii.prn'diiiiitnU 

ISO 11 ) . iiihI thn .m- n|H'iiil<il .it llifir in»Miiniiii Imi.li. tli.’ 

|in'N.un'v ilurint! i-viiln-'inn ni <nnil>iiMini> n'Uili Wm In dill Hi 
Htati.m.irv (f.ixilinn nii)!in<' m «li''l> ■ "ini'n'wi"" »' 

wMiin ™-c> <'1111 111- raiMtl (o IW Hi • ii"’ '‘"I 
(II witlmtiHiil siii-li t-xiilii't'iii |in""«i''’ I'll’ •'•"I-'**' ''iiii- 

- t (.•iiiiMdiiyd.iiii "f M A liaMiiK (In- <l>-liMi- 

111 Iiinipn-iwmii ll•«■<l fnr g«"'il>i«- mi'tim-i »ill m gniwral 

n>i|iim‘ SI |H-r ii'iit iinii'' iIi-iihIiipwI nlinliol thHii giwiilini- in lih-ii 
" (fawiliiic ttiul «l<-iiliul iiigiiM"* nf iiiniitniitKiii liHviDg 

clegiw* cif i-oiii|in-ii'i«ii licHt miitwl In tli< fni -1 mipiiliiilwill in m-nml 
r,-(iuin- wiiiul vnluim-i. nf gwiliiic- wnl <l.iialiiml uli-nhni n-»|iii-tivcly 

iHT b h p ... I 

'■ When an> of the usual methmlH of govemiiig are iiwhI to eontrol 

thii »|ir«l of (imilino nr olwlinl .■iigiiM'o. fhuratc nf fuol roniiuniption 
in- b h p. in liniir will nixliioinly ho bImiuI twioo us grost «t nno- 
thiril Inail •» at inaxiiiinin load At the aame time, an cx.-eMvc 
rate of coiiouinption of gaaulinc or duoatuicd alcohol at any given 
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load, if (1u(* to tlio incorn'ci odjiistincni uf the mixture quality 
and tirnt' of iffniliori only, may In* on gri^t as, but not frrrater than 
approximately twice the minimum recpiirod before it w’lll be notice- 
able from outward indicHtimiH 

“ r» Thmml Kffirirnry of Hnginejt -- The thermal eflieieney of 
rtlcohol and ^iiNolitie engineH will in general inerea.se with the presaun* 
to which tlie charge in ettnipremed when ignited 
‘'The maximum thermal eflieieney of If) to ].'> hp four-eyelo 
Htationary engines of the iisiinl ty|K* when operaterl with a minimum 
amount of throttling wfl.s found to increoHe with the ennqircHNion 

premuie aeeording to the formuhe E ---I - ( gaholine 

14 7 ' 

arul E ^ '■”(/> j alcohol, where E --- the thermal ellieiene\ 

l)(iH(‘d on the indieutisl li p und low heating valiit' of the fiu'l and 
1* - the indieati'd iiresHure of the charge iit the i-iul the com- 
pri'NHion Hlnike in lb per Hquiire inch abHoliiti* 

“ A high thermal (>flieieney and a rate of consumption of lesa 
than a [lint per h h p |)er hour, both for gHMiliiie and for denatured 
alcohol, can often Ik* obtained when the degns* of eompreh«ion, the 
load, the (piulity of the explosive mixture, and the time of ignition 
am carefully adjusted A bur n*pre.s(*ntntioii of the best economy 
values obtained, taken from the results of tests on 10 to lo h p 
Nash and Otto stationary engines, and the eoriespondmg tlieimal 
ellieieiieies, are given in the tollowing table 

“ KkNUIiTS from ThSTH MVOK ON 10 TO lil II V K\SlI VNII ()TT<I STVTIOSAllY 
IbNOINFS 


Vw I 


(ilUHlhllO 

Alcohol 


* Per squnre uirli above Btnio8|>}ient 
’ Jlawd on tho i h.p. anil Um* lower hratiiiK value of the fuel. 

It must be iNirne in mind that by far the larger projiortioii of 
the work that has bct*n done on internal (‘oinbustion engines has 
been carried out with the object of fierft'eting them for use with 
petrol. It may well bo that when a similar amount of research 


Foci iMjiMomcil |N>i b h p 



IMT Ill>III. 

ThcriDiil 




cnirifncy 

(lb ) > 

hh 

(iullun 

(|x*i ri'iit.) ' 

7(1 

ono 

0100 

30 

9(1 

0 5H 

0 097 

38 

70 

0 90 

0 UO 

28 

ISO 

0 71 

0 104 

39 

300 

0 08 

0 009 

40" 
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has been directed to the \m' of nieohol. this )i(|iiiil wiW l)e found 
even more miitahle than [Hdrol am n motor fuel 
PosHilily the (luestion nlirudv is li‘ss one of siiilal)ilit> Ilian of 
price To be the nion* economical tiicl, alcohol must he nt ii lower 
priee })er unit of volume than |M‘1ioI Bim/ol. also, which nt the 
time of writinp is hcinp prodiu'cil in larpe tor war rt‘(|inre- 

ments, may jirove t<i he a serious comtN'titor wiieu n(» lonper neiHled 
for munitions of war 

Whilst it is tnip that most ot the work ou iiiteinal toiuhuNtion 
cnpinisi has lutm doim with refercnee to {letrol. \e(. iw> already 
stated, n pood deal of ex|M‘nmenfatioii with Alcohol -mot ors for 
apricultural w<irk. and also for lociuiioliic ]niri»oNcs. has Iwsm 
earned out on the (Niiitiiumt This has hwii the < asc luou* i“s|iecially 
in Clcniiuiu, when' the mdiislrv has lam enii'iiill\ fosti'rnl I he 
practieahility of alcohol motors has been jiioied and a poisl 
minihcr of such enpmes of French ami (Jermaii make are m use 
for dri\ iiip lipht machmen , pum|nutf (hii*shiiur and similar work 
Alcohol -driven enpmes made in Kiiplaiid have hmi eMploiwI for 
w'veral jenrs m Kpypt and paits of South Ameiica How far the 
use of sueh enpines will 1 k« extended de|s•lld^ upon the irlative 
wurkinp rosts, ii))oii (pu-tions of suppK anil disirihiition. and on 
the faeilities ohtaiiiuhle m paitinilai i iiciimslanirs Foi eMnn})le, 
in a eomitrj which must imjiort its petiol hut can produce its 
own alcohol] eonsirlcrntioiis of c\|Mdicm v iniplit lead to picfcrcnluil 
fiwal treatment of alcohol used fm molor;». iii oiilei to diininish 
the coiintri's deiMMidcnce upon foivipii sllpplu•^ of motor fuel, 
and also ineidentalh to foster its apiiuiHiiial imliisiry Ihrouph 
the increased demand for pram, potutiN s or Is-et rciiuired to produce 
the aleuhnl 

In fact, though the dai h not yet at hand, ihrmiph thi' dim hiit 
perhaps not very distant futun* then' looms the prohahilit.N that 
when the stores of coal and iwtroh uin at i»resent “ in siplit hegin 
to get depleted -as some ore even now -the world s mdustrial 
needs will ha\e more and more to he met by utilising tin* sun’s 
present energy through the uistnimentaliti of alcohol l•m()loyell 
as a souTCC of heat and motive power, os well as his past energy 
Btored in the form of coal and petroleum. 

In this connection it may be noteil that wune years ago a Vnited 
StatA official estimate indicated that the ohier oil-fields would 
probably become exhausted in about thirtv -live years if the rate of 
increased production obst'rvi-d at that time were maintained. <)f 
course any estimate of future supplies may be aifwjtctl b> the 
discovery of new oil-fields, or of new methods for utilising shale oils 
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Hiirli nH thohf of the Kiiiiiiirrulf^r df‘|Misits in tins (■oiinlrv, Mhich 
> an* at prcHont iiniiuirki'tablc on aocoiint of thrir Huljilinr content . 
but the cveiitiuil cxhauntion ia onK h mutter of time Mennuhile, 
imliiHtritil (lemurulN for liquid fuel iMH-omi* f;reat(T mid )'n\'itei' 
About 121) million ^allonH uf potml uere Jm|Mirte(l into the Vniti'd 
Kingdom in the year ItlU-lo the (|niintit,\ Iniving more Ihitn 
doubled in four yearu 

Alcohol and agriculture. Henee the (Jiiestion of the 
UNe fif alcohol rh fuel ta iM-eoming a ver\ imfHiitant one and \iill 
be more ho in the fiitun' Kniiii the agrieultur.il point of \ie\.. it 
liiih been urged that the alcohol eqiiixaleiit to tins judrol ns fuel 
could be obtained from |K)tat(M*rt or sugai beet grouii in this coiiiitrv 
Mith much benefit to agneiiltiirt* and to tin* eounti,\ at laige It 
has been estimat<‘d that alcohol equi\nli‘iit to the 120 million gallmis 
of iietrol above-mentioned uoiild Ik* priKliieed Irom about o million 
tons of potatoes, or from 4 million tons if the alcohol \ieie " iiiibii- 
letted " with 20 per cent of beii/ol The inerage cro]) of potaloi’s 
IS at present about 5,1 tons |M‘I acre, but und(*i the best eonditions 
this ,>i<*ld could be more than doubled, with a dccieasmg lost of 
production An a>ernge ot 12 tons per acre on (iOO (M)0 acics uould 
provub* the crop necessari for food on the ])ivseiit biisis and tin* 
])etnil substitute as mcII It is urgisi b\ some agriculturists that 
a system could be established hen* simibir to that i‘\istiMg m (ierinan s . 
uheivbv a central distilleiy series n number of tmiiis in a (citain 
aiva Morking on ,\ coo|M‘iati\e basis eucli fiiirii d(‘\oling a 
guaranteed miminum acn>age to |MitatO'Cultivation for siipplung 
the rlistilleri In short, the organisation Moulrl be miieli on the 
same lines ns uitli (s> operatin' creameries In such < in iinistaiices. 
the cost of carriage ot the potatoi's would lie saied , the residual 
priMliicts would be retiirnisl to the tann as feisling-stiifTs and 
tertiliscis the piodiietion of alcohol would pro\ ide a simple method 
of using an excessive crop of foiMl potiitiM's and the farmer would 
be proiided with a cheap fuel for his agricultural inachineri And 
mon* than all, the eountn would not be dependent upon foreign 
supplies for its liquid fuel 

Obviously such a system as that outlined would mean a eoii- 
siderable inodifientioii of present revenue nietluMls of diatiller}* 
supervision. 

Whether we dionld have the reituisiti* amount of suitable land 
available fur siieli a purpose, after pnividing for the great inen‘ase 
in foml jiroduotion now* contemplated, is another question The 
problem of eost in eoinpc'titioii with imported materials such a« 
mat«* and molasses is a further matter for consideration. Yet 
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aiiutlu'r Is whrtliiT, iiiilrvi n |in>U'ctiii‘ iin|Hirt (lut\ is 

tlx' lionir-pKNlurrd ulcohnl roiild uIhiijis i‘i»iti|Nd(‘ m priro Writli 

fon'iirn Mi|ipli(‘.N J'mlii'tions }in\t‘ U'l'ii maili' that llir 
(lopiial ^^hcii tlioii jMitHilial n-hoiiru'H an‘ drv('ln|M'd. 

^\dl M'niic a practical rnon(i|Kil\ nf llic ahMihnl tndii^lry, hiiicc tli<'\ 
|NihS('s>i tlin'c of till' chcafK'Kt viunea of alcohol, nainolv. sii^ar- 
(uiic iiiolahMCH, palm anp. and sLundi plaiita such as cnaaava and 
arroMnad 

“ Garburetted " alcohol. For fmd and motor piirpi»M'> 
It IS often found ad\nntnpeous to mix a h>drotailMm iKpiid Mith 
the onlinai\ dm.iturcd alcohol IVtnJ hcnwiic (heii/ol). and 
pctroh iiin haic iisn.dh been einplo>fd. the iiiixtiiie hcitit; teriiied 
• nrhuiidted ahohol The proportioiiH In Mime of the 

(hTiiniii c\p< nmciit'. aho\e n*fciicd to it uas found that, compnimii 
ihe ctlu icnc\ of ah'ohol alone miiIi that of alcohol uirhimdted 
with dilh'teiit |)io|Miilioiis of hiii/ol. Ihe heal n'Hiilts in motor 
|Miwcr wcie i;i\en h\ the nil vt lire ( oiitaiiiinf' 20 |H‘? lenl h} wcikIiI 
ol hcn/(*l Trials of iiiotois in Fans with French iiietliylaU-d 
spiiit (which loiilaiiis Hi |Mr lent of ennh* inetli)! alcohol) and 
the Mime spnit (arhiiietted with ."ifl |k*i «ent ol a hvdrocarhon iuul, 
sIiowhI the taihnretlcd spirit to he MifH'nor to the other in the 
ratio ot ahoiit 10 to 7. as jiidfi;(‘(l h\ the eonhiimjition 

\ imiiihci ot (ompaittine e>iMTimenth on Ihe iim' ol enrhuretted 
ah .liol ha\«- also lain ma<le in this l•olllltr} The following max 
he quoted ‘ 

A towi-i xlmdei Maiidslax eiipiic riiiiiiing at l.tHM) revoliitioiiM 
per minute was tested with dilh'unt fuels, with the results given 
hclow J’llrol <»f sp gr tt7IO was lakeii as the standard, the 
reMilt-s with the other fmls heiiig (onilinitsl with those given li\ 
the |H'trol nskorierl as ItMl 


Kill I iisfil 


I'liwer VitluiiH' Ilf 
(ililaiiiisi fui‘l iiHisI 


1 IVin.l 

2 lteii7i»I 

:( Mfl liylated Him it .Kl jn'r , Ih'ii/oI W (ifi n nl 
4 «7 .. 3:i 

.'i .. .. T'l .. .. *'.“1 


ilM) JliU 

UN 2 84 ri 

»8 W 3 

UJ 108 « 

iiir; 11 : 4:1 


Comparing ex]M*riiiients 3. 4, and •> with one another, if is Heen that 
the mixture of equal fiarts meth.xiatwl spirit aiirl licmzol gives the 
best result, so far as this investigation goes. The sp gr of the 

I W. R. Omiandy, J. tJw Lighting, 1913, U4. 580. 
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methylated H]>irit uned waa 0 815, and of the lienzol (two qualities) 
0 88.5 and 0 875 

During Hk' laHt few years a nunilxT of alroholic mixtures have 
lieen recommended on the Contiiieiit ns hiiitahle for use instead 
of jM>tn*l In aflditiori to Ix^nzol and ])etn)l, some otlier substances 
have been Nu^rK<‘^b‘<l mixing with the alcohol, namely, acetone, 
naphthalene, ether, neetylene, and even a small quantity of 
ammonium {lerehlorate Some typical inixtun's an* tht* follou ing — 
(I) Alcohol (85 |)cr cent ) 7(1 , benzol 311 


(2) 

(IMl 

)fio. 

30 , n(*t*tone 2(1. 

(») 

„ (IMl 

)r,(t. 

henzine .3(1 , „ 20 

(4) 

M (85 

) HO , 

benzol 2(1 , the benzol (‘ontaining 


naphthalene in the projmrtion of 2(K1 grams |mt litre 


With must or all of these mixtures a preliminuiy heating of the 
carburettor is n‘qiiin*d, and a redii<‘tion of the siippK of nir, as 
rom|Nired with that nm*ssarv for |s*troi ' 

Discussing this question of alcohol-siihslitutes for petiol, 0 Mohr^ 
remarks that only the simpler mixtures have proved sn<*cessful 
Kqual iHirts of alcohol and Umzol. or uln)!)!)! 5^1 benzol 2.), and 
fH'trol 25, have given go(Ml results , and thi* second mixliin* has the 
advantage of not giving de|KMits in very cold u (‘Ulher Xapht lialene 
has proved unsuitable owing to the formation ot deposits 
An account of auiiic roiii|Nirative ex)M‘jiincnt*- uith rlitlereiit 
motor fuels n^eently carrunl out abroad is gi\en by Doniith and 
(Iroger* The following results an* stated to have been ohlumeil 
jH'r litre of fuel - - 


Disliiiiii*, 
{M'l litn* 

Fui'l viiM'tl KiliiiiiHn'x. 

I'etrol, A H 

lli'iuni, „ 7 I 

„ 1 iiHil, aU'olifil I iNul 7 !i 

„ .. 2 pints 7 2 

3 7 0 

4 It It 

5 0 0 

Alouliol. uniiu\i.Hl .54 


A mixture known os *' K H A " in Kraiiee includes other, like 
the ** natalito " aliTady mentioned. The pniportion of ether, 
however, is only aliout 10 per rent., instead of 40; and lienzol 
or an alternative to the extt^it of 25 ))er cent is 'included 
The following thermal and other jiartieulars of the methylated 

* K. Dictncli, ZeUKh. un^w. Chem , 1914, 87, 543. 

. ■ Ibid., 550. 

a “ Hm TreibmiUet tier Kn^/uhneugo " (Uvrlin, 1917). 
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spint list'd in thin ctMiiitry ftir iHiniiiif; an* civi'ii liy J S. S 
Kr<uni‘ ' 


S|i«‘i iHc t;ni\ ily 
lVn’niifn|{i' roni|Mi<«iti(>ii 
(^Oloii'iit nf iH'i <7 

.. .. M F 

('iiliinfif viiIiM', Mill. IVrinnl I'liil*. 
Per III , kmms viilim 

M 


U K2il 

r r>i)7. 11 i.M), 

a mil 10. 

II (MMIIL* 


iu,3:>u. 


Ill n> 4 iiiii‘(l fur otiiiihiiHlicii. tiu'on'ticiil i|tiAUtilv -- - 

Per hhIIoii !»30 ni fl iit I'lO" F. 

('Hlonfii* valiio uf 1 cii fl cif Him lIvHin'Iifal 
iiii\.(iirt' 117 fl 

Kvplii'iiM' luii^i' (|)i‘r n'lii uf vti|Miiir In 
\nl 111 the rniMiiri') i 0 to 13 11 

I 'oin|in"«iioii liiiiil, 111 III .'IliKiit LMIU 


Calorific value. Il m a ui‘ll-f'.Mtabli8lu'il inrt lliHl wl.on 

tilt* same woi^ht of tlio sninc huimtanen huniH to form tlic name 
prodiictM of comljiihtioii, (lie quantity of hoot ovoliml is a I'oiiHlant, 
the value of uliieh i.h indepeiidfiit of llic rati* of coiidiUHtioii Thia 
qiianti(,\ is knonii as tho heat of rlicnical (‘omliinalion of tlie 
hiiljHtaius' with oxygen In n'latioii to MibataiiooH uhmI as fucia, 
it IS also known as the “caloiiiit* valui* ' Thus 1 gram of carbon 
burning to carbon dioxide evolves H(I8(I gram- calories of hi at, 
and I gram of hidrogen liurnmg to litpiid wafer evolves ,'4,4()2 grnni- 
caloiies (Kavre and iSillicriiiann) 1'he calorilic \ahie of carbon la 
till refore ^aid to be HMHM, and of ll^drogcn .‘14.4<>2 The gram- 
caloiie IS detined as the (piontity ol heat leqiiired to raise the 
temperature of 1 gram of water h_\ one degns' Centigrade 
When aleohol is completely burntsl ui air nr oxygen, the products 
ot conibiistion ore water and iiirbon dioxide The heal uvoKed, 
ic, the calorific value can be calculated Uieoretieally from the 
fluta just given, as shown below 
The percentage eoinfioBition m eth}l alcohol is . Carbon 62'llt, 
hydrogen 13 12 and oxygen 34 TA Hi nee L gram of ethyl aleohol 
contains ■- - 

Carbun II* ' 121.1 Kraiii. 

Mydmiieii . 0 1312 „ 

OxygRii 0 1476 „ 


Deducting from the ainuunt uf hydrogen the quantity nceeBsary 
0*3475 

to form water with the oxygen, i.e., - - 0 0434 gram, we have 

3 

0 1312 - 0 0434 ==0 0878. 

Multiplying by the corn spending caloriSc valui s for the earbuii 
and hydrogen and odiUiig the pnalucts, ve have - 


G G 


■ “ Fuel,” p. 168 (1914 rditioii). 
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Carbon 0 5213 y 8.080 -- 4.212 1 oalonoa. 

Hyr1n)t(Pii 0*0878 X 34.402 - 3,025 7 „ 

'• .. (!iiloriflc vfiliio of othyl alcohol -7,237*8 „ 

The oalriilation hero shown at Icnf^h may be Bummarised into 
the formula 

Calorific value = WJ « U + 344 6 (H - ®), 

where G, 11, and 0 denote the ptrmitagea of earhon, hydrogen, and 
oxygon reaper Li v<‘Iy. 

A somewhat higher result is given if the values for carbon and 
hydrogen used in Bcrihelot's foriiiiila are takim- namely, 8,K)7 
and 34,000, instead of thoao employed in Ihe'caleiilation shouii 
On the other liand, in siinimory euletilittuinH the round nunds'is 
8,000 and 34,rMX) are oftt'ii used. 

In proctioe, of course*, absolute ak‘ohol is not employ'd as fiii*! , 
but the calculation slious th*' principle most simpl\, and (lie r(‘siilt 
id required in obtaining the theoretical calorific \utue of deiwdincd 
alcohol, and of otlicr alcohol nii\tun‘H, uliich an* used as 
fuels. 

In a similar manner, the thi*orc*ti(*al calontie Milue of absolute 
metlijl alcohol, the jiorceutage fomposilion of wliidi i.s (' 37 47. 
II 12 OK, and 0 4!) Oo, is louii-l to U* 5,212 5 Acetone, (', 11,0, bad 
the ealeulated ^alue 7.4S<) a . .iiid benzene. the value 10,1 1 1 4 
Petrol IS a vormble nuxtui-e of hydroenrl tins, but if taken us being 
substantially equivalent to oetuiie. (yi,,,, its thc*on*lienl (alonfii 
value id 12,245 rulones per erain 

** Gross ” and ** net " values . — Tin* values beie given 
an' the “ higher or “ gnssj " ealorific values, » urres|)oiHiing w nh 
the formation of /iqattf water, as obtained in tin* ealon]iu*ter If 
the watt'r is mponml, thia operation absorbs .some of the h(‘at 
developed hj the eombustion The quantity of vvoter prodiieed 
is goveriu*d by the amount of hydrogen burned Thus in the ease 
of ethyl alcohol the weight of hydrogen in 1 gram is 0 1312 gram, 
and thid is equivalent to 1 18U8 grams of water, fjuico the latv'nt 
heat of vaporisation of water is 537 calorics jier gram, tlio licut 
absorbed in vaporising thia water is 1 J 808 x 537 == 634 1 calories. 
This quantity, therefore, is to bo deducted from the result obtained 
above for ethyl alcohol, wheuever the “ lower ” or “ net ” value 
is required : 7.237 8 — 634 I — 6,603 7, the lower theoretical calorific 
value of absolute ethyl alcohol. 

Further, if the alcohol in (^uestJon is not absolute, but already 
contains water (as is always the case in practice), die vaporisation 
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of ihiK nalcr Mill rIro ahsorlt hoat, and tlio (‘orroH))oiidiii}! nuniluT 
of I'aloricN inunt W dodiiotiHl ThiiH if tlio )>n>]Mirtioii of \tni('r 1k' * 
10 i)<>r cent by weight, 1 gram of the aliK)hol will contain 0 1 gram 
of water, and tlio further dwliicticm will thcri'foro be 0 1 X 037 
03 7 ralorica 

lienee, finally, fur 90 {ler cent 011 * 0110 ! (by n eight), nben all 
the water already preaent and that ]»roiliiced in the eoinbuHtion 
is vaporised, the calorific value w fl,fi03 7 — 63 7 ■= OOOOO grain- 
calorics 

Thsrmal units. - To expreiw the toregoing resiills in It'riiiH 
jt Brili'^h thennal units (B Th V ) they are multiplied by I 8 
rinn for etli,\l alcohol 7,237 8 grain cjilories x 1 8 13,028 
BThr 

The factor 1 8 is -- the ratio of the Centigrade to the Kniircnheit 
legn‘c of temperature Tlic British heat unit is defined as the 
|iiniitit} of lieat required to raise the teni]ierature of 1 1b of water 
»V T' K (from 00" F to 01® F) In aliNiluU* values one Bniish 
lent unit ^ 262 grain calories , but for cunM'isi(»n pui']Mises we 
K* d consider only the relative tcm|ierature vnlui'S, since the jioiind, 

•r the gram, is taken as the unit of weight foi hotli fui‘1 hiinu'd 
lid water lii'Ated, and tiie qiiestion is oiil} one of a smaller unit 
f ti iniMTatiire in flie British system— I® C - il® F = 1 8" K. 
riie inelric unit of heat adopted for tcchnieal purposes is the 
huge ('alone ’’ or “ K (‘ I' This is the qiiontily of heol reqiiiml 
I luise 1 kilogram of water thmugli I'' 111 the iii’iglihourliood of 
“} One B Til V 0 252 large Calorio, ond for the r(‘ason givi'ii 
1 the pr(*(ediiig |Miragraph, x large Caloiii>s - 1 8 , 1 ' BTh I- 
Calorific value of methylated spirit.- -Tlie aieohoJ 
^ed for buniiiig purimses in the I'mti'd Kingdom is mineralised 
ethylated spirit, whieh, at a strength of 02'’ over proof,* 
a}' be taken as containing on an averagt* - 


iVr ct'iil. 
Iiy vuliiiiii*. 

Klhyl Bloohol 83 1 

Molhyl ., 7 7 

Acetone, eilen, etc 1'2 

Miiioral naplittu (>’4 


ithout sensible error the last two item^may be grouped together 
acetone, 1 0 per cent., for calculating the calorific value 
:pressed as percentages by weight, the composition of rniiicriiliHcil 
•thylated spirit is then : — 

Soiiicwluit stronger spint is obtsinablo, up to 64” or 65” over proof 
. gr. 0 8214 to 0-8193). 
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CHAl' 



IVr fi 111. 
Iiy \vei|{|i( 

III 1 (^riiiii 

Klliyl ulciiliol 

Methyl ,. 

7« 0 

0 790 

74 

0 071 

Aeetniie, rle 

1 5 

0 015 

Wiilei 

112 

0 112 


|IM)I) 

1 IHM) 


iMuliiplyinK by iho rom'-ixtnding luKlirr i-ulorilu- valii^N aa 
nln-ady K>vt'ii. uo lia\t‘ 

0 7»U \ 7.L»:i7 K r..7h.|L» 

0 074 ^ r>.2ll»ri ■ SK.‘»7 

0 015 7.450 5 112 0 

(Ill* lii((lu'r ciilonlio \uliu* <i( - - - 

iiiiii(*iuliM(*(t iii«*(liyliit<‘tl l»,2N| 2 „ 

Tins is (‘(|UiiI 1(1 KrilLsii heat units (HTh T) 

To find tin* Iuwit or ik'I ' cidoiilir viiluc, \\v I'ah'idiiti* (lu* ]o\ut 
\ aluos, as aln>ady ox]i1aiii('d, for ahsoluti' and nu'lh^l iilrohola 
and acotoiu* . the results are 7. 4 5().'I7, and (ii).S3 0, lesprc- 
tively Then . 

0 700 li (M»:i 7 5,2711 1 
0 074 4,50:1 7 ‘i.{7 7 

0 015' 6 0SP> . 104 7 

5.7 IS h 

Jh'iliiH tiir till' vsliT iMcsriil 0 I JL' « .‘>;17 (lO I 

, l<iiu«>r xuliii* 5,(h'iS 7 ^min (‘iiInrii'H, 

01 lOilb.'i Jiiilixli (Iii>iiiih 1 mills 

Calorific value of carburetted alcohol.- liy 

of exainpiv ina> lake a inixtnn' of luineralw'd niellulaled spirit 
and benzene - contniiniif!, sa^, 20 per teiil of the latter, h\ aei)rht 
Then I grain of the iiiixlnre eoiitanis OH giain of the mineralised 
methylated spirit and 0 2 gram ot benzene Taking the higher 
ealorilie values aln'nd\ gixeii for the eonslituents, ^\e have 

0 H X fl,L’SI 2 5,025 0 

0 2 10.111 1 2.022 » 

CiUunllo \hIiii' of Oh* iiiixture 7,047 3 Kraiii'ealories. 

This is the " higher " or gross value, taking the heiizime as pore* 
benzene. In practice, eoinniereial “ Im-tizoI ' would he used, 
containing inoro or Ii«h 8 tolm^e, xjlene, etc , and giving a somewhat 
greater ealoritie value than pure lamzimo The " loner ” eulonlii- 
value of tlie mixture, calculated on the iHineiple.s already explained ^ 
nill he found to Ik? (1.474 8 gFam-calories s= 11,054 0 B Th LI . 

Tn general, it is la'tter to have calorific valuea as deteinnnefl by 
cun'ful extKTimeiit rather than the calculated theoretical values. 
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ns th»* In! ter involve eertnin aHNiiin]itioiiR which niny nflfeet the 
ri'siilts to MMiie extent T)ii* expiTiinciitnl ^nliien olitnincd f(»r« 
nlcoliol and inetliylated Kpint hv vurioiis ohKiTvers show Roini* 
(lifTercnces, ns iniglit bo expcifid, since the delenniimtioii pn'sentn 
several ditrieiilties L^wes pivca the follnwinp - - 

CtiWH PTIill. 

AlMiliitf iili'ohiil 7.1 Ht lL>,0ai 

Alcfiliol, IN) (NT I I'lit 1 1,.V.N) 

„ iiii-tliyliih'ii (>,‘.>1)0 11,11)0 

Itrainc ^i\cs tin* follow in^ us menu viihies fioni all the trust worthy 
dctcriniiialions aKnilalilc The net tallies hate hissi calciilalcd 
fioni the ^'ios>s tallies on the n*>MUinptio)i tiint in the latter the 
water formed was (ondeiised t.i a final teinjMTatine of lo .V. 

(‘tioiioie tviiir, 1 \Pi.iiiMi'NTAi. 


Fiu 1 

S|N 1 llll 
tiiioilv 

>1 IIinI iili'olidl 

0 SIO 

Klliyl nil nliiil 

II 70 III 

Mi'tliyliili il spill! 

n sjo 


Hiilisli Hum Mull units 
IVr [mmiihI IVr viilloii 


ri:i)s 

Nil 

(■rrms 

NH. 



77.5111) 

07,451) 

IJJ'KI 

11, ISO 

^ 101, (MM) 

01,100 

n,;ijn 

1 10, '{50 

j 1»2,H20 

K4,0OU 


Litjiis m iMi,\MMAuii.rii (Thornton) • 



FimiojiIii^'i- of 

tilpIMII III llll 


1 ppri liiiiif 

Ijomit IiiiiiI 

Ml tlitl ali'olinl 

210 

5 .■> 

Kl1i>l 

0 5 

2 H 

l-Ii'ii/em*, (\lla 

HU 

1 5 

I'lMilurii', 

4 5 

1 .15 

Arelyleni', C,H, 

40 0 

UO 


ntl. M>yi, IV17. ;i|. 190-1 M. 





CHAPTKIl X 

iriK l[|(ilIKIt l[OM<UiO(iUK.S OP UTIIYL AUIOUOL (PKOPYL, DrTYL, 
\\l) AMYL \U'01loliX); FUSKL OIL 

Propyl alcohols cyr? OK Mol wt fioon. 

Ad nlmuly oxplainc'd (p. Il.'i), two iHomoric prop\I ult'oliols 
niv poHMihlp, and nro known 

(1) Normal propyl alcohol, (•HaCKil'HiOH-rimnrrU in IHoll 
Hhu\^c*d 1lvnt tiu' noinml Alcohol M'Ar contained in fusel oil, iiiid ii 
is now obtained from this Hourco by ImetionAl distillation Linne- 
inunn* (irat pmdiicwl it Hynthetically, by n*diieinR pnipionie an- 
hydride, obtained by Hyiitliesis from ethyl aleoliol 

It in a eolourloHd licpiid with an a^n^eable spirituouH odour Its 
dp gr. is 0’8t)44 at 20^/4'’, or 0 807C5 at 15 6715 0° It boils at 
07 4''. Ihsip)! alcohol is iniHciblo with w'atcr in all pro]NirtioiiH, 
but is distinguisluible from ethyl alcohol by its insolubility in ii cold 
satiiratcHl solution of calcium chloride. It foriii.s with water a 
mixturi' of coriNtant Ixiiliiig point, N7 72°, the inixtiin' (>ont.iining 
7160 per (Tilt, of the alcohol by weight.* 

(2) Isopropyl alcohol, CH, (;H(0H) CH, ceondary propyl 
aK.olu>1, dimethyl carhinol) — This alcohol d(N‘S not nppi'ar to 
(KTur 111 fusel oil, or not in appreciable quantity. It was lii>t 
obtaini'd by IhTthclot in 1855 from jiropylciic and sulphuric acid, 
iiud hoiiieu'hat later (1862) Friedel prc'^iarcd it from acetone by the 
.iction of sodium amalgam and water. A modern motliud of 
using acclono for the pur)K)se is to pass a mixture of acetime 
vapour and hydrogen over catalytic nickel heat<>d to 1 1.%125'’. 
t^Leiuically, the alcohol is best prepared from isopropyl iodide, 
itsidf obtained by distilling glycerine with liydriodic acid and 
amorphous phosphorus These give first allyl iodide -- 

C’aH.iOH), h 3HI = C,H,I + 3H,0 + I,. 

‘ ('uiHtif. rend., IHSS, 37, 410. * Ann. Phunn., 1868, 143, Si>l. 

■ Young oiui Forlcy, Trriw. Chirm. Soe , 1908, 81, 736. 
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With (‘Ai-fss of h}(lriodic acid, Duh jiatwcs into iM)pr«)j)\l icxlido - 
C,\\,l -1 2HI CjH,! H U 

Oil builinp; tho isopropyl iodide under a n*flux eondoiiMcr with 
10 parts of water and some freshly-prepariMl h‘ad hydnixido, tlio 
iHoprop}! alcohol i.s produced , and may be diatilled olf and concen- 
trated by dehydration and ri'-distiliation ft la a coloiirleaa, mobile 
liquid with a hpiriliiouH (alour. having the sp. f^r 0 7K07 at 
15 6®/l5 (0 7H87 at 20V4®). and boiling at S2 7“ According to 
Erlenine^cr, it forinaa hydrate, 2(yig0,7l20, which bi'ila (‘ouHtniitly 
ut HO** and haa the Miriic jxTcentage (‘on]}H>sition a^ ethyl olcohol 
^'oung and rorte\ (/or at ) gi\c the boiling |Mtint of the con-itanl- 
boiliiig iiii\tiirf‘ us 8(ti‘17°, the ]MTCMit.‘ige of alcohol bdiig ST '.HI, 
bv wi'ight 

Thopropyl alcohol in a mixture may i>o detcnniiUKl qiiantitnlively 
by oxidising it to acetone with potaHsiiiin bichnimate and sulphuric 
acid The at'ctone is distilled oJT atiir neutralising the niixtiiri', 
and estiinuted by Mt'hsingcr's niethoil, as doscrilaHl un hr “ wood 
nnphlha " 

Butyl alcohols, Mol. wt . 74 os. 

Four isonierw are theoretically iKishible, two of which arc }iiimai,\, 
one bccondarj, and one t<*rtiary (see p IJ.T). 

(I) Normal butyl alcohol (n-rroii}l earbinol . l-butimol), 

CHjfCHjljrir.OII, 

has hccii found in the fusel oil of hiandi, and is formed by thu 
fcriiicntation of glyierol with certain biictciia Together with 
acetone, it is also formed in the fermentation of starch Holutioiis 
with .special (iillurcs of micro organisiiiH (Fenibuch's process) , but 
is not pnalueed in the fermentation of sugar brought obuiii by 
ellipth al yeast ^ It may lie obtained by adding HfNlium amalgam 
gradually to an aqueous wlutioii of normal but\l aldehyde, kepi 
slightly aeid w ith dilute sulphuric acid 'Hie alcoliol is then distilled 
off, and concentrated aa usual Butyric aeid and biityryl chloride 
also yield the alcohol on reduction with Mxliiim amalgam It is n 
colourless, highly refracting liquid, wiUi a peculiar irritating (kIouf 
A t 0” it has the sp. gr 0 8233, or O MOOO at 20*’, 4°. It boils at 
117 2^ (Briihl)i or al 116 8^ (Ricbt.r). 

Butyl alcohol bums with a luminous flame. It is soluble in 
12 parts of water at 22", and is sei arated from its aqueous solutions 
by addition of calcium chloride. Its index of refraction s I ‘3!KM)U 

> Chudoa and Honn, J. Chtin, Soc., 18H7. 52. 714. 

> .Itmafni, 1880, 203, 10. 
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Sabatinr and Oaiiditm ha'v rfcpntly nhown that normal butyl 
nirohol can be olitaiiicd from fiaraldchyde, whh'h itself may be 
pnxlucMl Hvnthetieally from calrium carbide. (See (liap II) 
Tlio aldehyde ih “ (.rotoiiim'd " by passing it over thorium, 
titanium, or uranium oxide at almut On seiuirating the 

product into two fivu'tioiiH, (1) of b p iKV-i.'lt)®, and (2) of 
b p liltt- and passing thesi* scpuratcly with hydrogen over 

hot reduced nickel, tho first fraction yields normal butyl alcohol, 
and the second normal hexyl ahsihol The nickel catalyst is 
heated to 17tt— ISO® for the first fraction, and to about 2t)t)® for 
the second ' 

(2) Seoondary butyl aloohol (.Methyl-etli\l carbmol , 2-bulniiol), 
(JffafOjHj) (JH OH --This alcohol may lie obtained b\ tlie action 
of anhydrous nld(‘h\<le on zinc ethyl, as explained in the geiuTal 
methods for preparing secondary alcohols (p 12tl) Altemati\ely, 
normal biitO alcohol may be taken as the starting jioiiit, and 
converted into the secondary nlcohtil b^ the general nictluMl describrsl 
in (liapter 111 , namely, by first forming butylene, adding hydrogen 
iodide to this to give the uKlide, and then hydrol^Nsing tiu' latter 
According to Kohcch* and Schorleininer.^ the alcohol %as first 
obtained b\ IH* Liiynes, iiho pre|)Ansi thi' iodide h> heating the 
sugar erylhritol with h\dricNhe aeid, afterwards (smverting the 
iodide into the eom’S|)onding oeetie ester hy the action of siKcr 
acetate, and hydrolysing the ester with eaustw ))otush to liberate 
the alcohol 

Si'condary butyl alcohol is a li(|iiid boiling at IKI uiulci 7.‘1K K nnn 
pressure, and luiMiig the sp gr (I K27 at ()*', or tl HItl at 22 It has 
a hiiriiing taste and ii strong (sloiir Oxulisiiig agents convert it 
into methyl ethyl ketone, and cventuolly into acetic acid 

(!)) Isobutyl alcohol flso])n)pyI carhmnl, methyl 2-pnii)anol 1), 
(C'llgljCH ('11,011 1'liis is found in fusel oil, imix'cially in that 
from ]iotnto-spint, and is st'iiainUsl by fractional distillation It' 
may lie obtained pun* by first pn'panng the iodide from the separated 
alcohol, siiK’o the iodide can be iiion* readily purifietl by distillation 
than ean the ahsihol itself Tlie iodide is then re-coiuerti'd into 
the alcohol hy tht* methods already desenM Alteniatively, 
isobiityrio aldehyde may bo reduced ivith aodiuin amalgam to gi\e 
the alcohol 

Isobutyl tileoliol boils at 1084®, and has the sp gr. 0 8020 at 
20^/4®, or 0 H0fi24 at Ifi O®/!^ 0®. It is a enlourless liquid writli 
an (Mloiir of fusel oil, ooluble in 10 «> parts of, water, and mostly 

> ('ompi itnd , 1918. 186. 

■ “Trpntiae on Ciwiuiiitry," 111, 1881, 581 
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thrown out of s(»liition n^ain by atklition of ciilrium (‘hloriflc or 
roniiiion salt Its index of refraction 1 4(H)7 Its nwo- 
tropic inixtiire with u.iter b»nls at HIMIS®. and eoiitaiiis ««» NO 
per cent of the aleoliol h\ weijflit (Voiinjr and Forlex. /w nf ) 
(4) Tertiary butyl alcohol ( Inmetlixl earbinol ; diinethxl cdlinnol), 

^^11 “lhitl(*row* first prefian'd Ibi'* ideobol, tlu' 

n*netinn bcdwc^ii xiiu* inetlixl mid earUnvl or aeetO chloride 
ilewiibed in ('lrij)f ct III A Mnipbr iiietliofl. also due to Hiitlerow , 
ih to take isobiityl alcohol as the* startiiu; iMunt, and obtain iso- 
but,\lc‘ne from it bv conversion into the iiNlidc and beating; the 
latter with alcoholic jsdash , the isobutylene is nlMcorlHsl by To |)er 
•ent siilpliiiric acid and the* ester tlms prcHliic'CHl is diluted with 
W'atcT and distilled, whcii it dcrompoKcs into the' alcohol and 
oil|)hiiric and According; to Doliluii,^ th<‘ aliohol can also h(‘ 
)btaiM<‘d bx bdtiiij; 2 |Mirts of tertiarx biitxl iodide mnain for Ixxo 
ir three daxs in contact with •> paits of xxuti*r, the inixtiirc' being 
iliakeii Oixasioiially 

Tertiarx biitxl alcoiiol foniiN a deli(|U(‘scent. crxstalliiie mass, 
iilii(‘h melts at 20 0 ' xxheii anhxdrous, and IkmIk at H2o (K1 Ft" to 
S2 Pc‘rkin") Its sp gr at ;MI' is 0 7788, and its imb-\ of refraction 

is ] :it)24 The csloiir of the alcohol is dc‘seril)ed ns sjaritiioiis 
iiid caiiijihor like A liquid hylratc*. 2<*4H|o() t H^O, boils at H()' 
Ycmiig and Fortex (/or rtt) found that the* areotropic mixture 
lolled at 7!Htl and coiilainKl NS 24 pcT cent of alcohol by 
A eight 

A stiidx of tcTliarx biitvl airsihol and its acpicstus solutions 
las also b<s‘ii recoicled bx lloroschexxsky,* xxho gives the sji. gr 
if the alcohol at 2.1' /1° ns OTStNi, and the ind«‘X of rcdructioii 
r;j' as J 38.748 With aipicsius solution^ the indc‘x shoxxs no 
iiiiximuin value 

It is note.worthy that in the oxidation of tertiary butyl alcohol 
nine isobiityric acid is produced, as xxcll as acetone, ucetie arid, 
iiicl carbon dioxide 

Amyl alcohols, ( OH Mol. wt . 88 10 

The name “ amyl " waa given by (’alioiirs^ to alcohol obtained 
roni fusel oil, an the latter had at that time' been found mainly 
n spirit produced from suhatanees containing starch {amylum) 
•Wl oil itself was first obtained by Scheclc from the “last 
unnings ” of r}c sjiirit,* and was sulwrquently investigated by 
)uinas, who i9C])arated from it by fraeli^xnol distillation a iicjiiid 

' Ann. Chfm. Vharm, INliT, 144, 1 * Trata. Ckem. Noc , IHHU, 37, 238. 

^ Ibid., 1884, 45, 468. < J Rws f'Ayir Vhim Sve , Kill, 43. 6fi. 

* Ann. Chim. Pkys., 1838, [i], 70, 81 * Crell, Annalen, 1763, 1, Gl. 
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boiling at 11)1 and having Iho olomrntary oompoHition C^sTTigO. 
('ahourH (‘oiicliidud that this lM)dy was “ isoinoric ” witli ordinary 
alcohol ; and later Pastour (1855) separated “ amyl alcohol ’* 
itNolf int«) two isomors by means of tlic 1)ariiim amyl sulphates. 

Subsequent invostigation has shown that eight isomeric amyl 
alcohols are theoretically possible, and all of them are known 

Of the eight, four are primary, three secondary, and one tertiary. 

A auinmary of these i.s given on p. 1 10. The formula of tJie third, 
fourth, and fifth on tlin list contains an asymmetric carbon atom, 
so that three optical moditieations of each are possihle—namely, 
a dextro-, a huvo-, and an inactive form Ini'liiding optical isomers, 
thorefon*, thi* possible numlxir is foiir.irn 

(1) Normal primary amyl alcohol (Mntyl curhinol), 

ClfjtCigjOlfsOn. 

This IS a lirpiid, of fusel-oil odour, and onl\ slightlN si^luble m water, 
ft has the hoiliiig-iMiiiit 137", and the sp gr OKIKH at It 

may lie prepan^il from am)liuuiiie, (\H|| Nllj. h> means of tlie 
nitrons arid reaetion (p 117) 'Hie first s,\i)thesis of the alcohol 
W’liM earned out by laelM‘ii ami Uossi, starting with ?t-hiit\l alcohol 
and using the nitrile nwtinn ^ 

(2) Isobutyl carblnol (Innetive or iMoam<il alcohol), 

((1f,)/TI 

— This is the chief mgrtHUent of the ordmurii or “ fei mentation " 
«iin\l alcohol found in fusel oil a nutnml prisliict it i.s found 
III Koman chamomile oil, wliere it (K'ciirs as the amyl ester of angelic 
nml tiglie ik'ids its eoiistitiitioii was first determined h\ Kilen- 
mi\>er, W’lio found that the neid yieldeil h\ o.xi(lation of the alcohol 
w'liR ideiiticid with valeric acid pn'imnxl s,\nthetienll.\ fnirn isohiit\l 
alcohol This syiithesis, stopping before thi* oxidation, can he 
nsi'd to pn'pnn^ the pure isohut\l earhmol, the steps lieing eonvei- 
sion of isohiityl nh'oliol into the cyanide, the hitter into the eorre* 
s{Minding acid, this into the aldehyde, and finally into the alcohol 

fsobutyl earbmol ImuIs at 1310*’ (eorr.), and has the sp gr. 

0 8248 at 0®, 0 8104 at 20'’/4®, or 0 8168 at 15 6M5C". Under 
740 0 mm. pnwiro, the boiling point is 128 O'* to 120 2°, and uiidir 
750 2 min., 130 5** to 131°. The alcjliol is soluble in water to the 
extent of 1 in 50 at 13-14°, and I in 39 at 165°. It dissolves in 
all pro|)orti(>iis (a iicctic acid dUuted with an equal bulk of water 
Oxidation with platinuiii black converts it into isovaleric acid; 
distillation with sulphuric acid and potassium diehrouiate gives 
isovaluraldehyde and isovaleric acid. With water it forms an 
* ^nn. Ckm. Pharm., iS71, W 7QL 
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izcolroiiic niixluro iMiiliiiK iit Ooiri®, ami coiit-iiriinp /MM jut 
! i*nt of uKoliol b\ Mi iirht (VnutiK ami Fortoy. htc nt) 

(3) SeeondaiY butyl earblnol (Active amyl alouhol), 

CH3C1I(C,H,)CII,0H. 

— ThiH alcohol o(‘cuni with the inactive compoiiml in fermentation 
.myl alcoliol As mentioned alnive, it first m‘|tarated by 
*asteur On dissolving the two alcohols in strong siilpliuric acid 
nd neutralising the solution uith Imrium carbonate, two barium 
■myl sulphates are produeinl which differ in solubility, and can 
herefore be se|)Arated by re|H'Ated crystallisation Thest* Vahteur 
btained and eonverti'd into thc‘ MHliiiin salts, aftcrwanls liberating 
he corresponding alcohols by ilistillation with hiilphiiiic ueiil. 
'he acti\e niodifiiatioii is ].v\ orotatory Tt Isiils at 128 7". 

(4) Methyl propyl oarbfnol, ('fl 3 (('H|)x('l](()JI) ('ll,, is a liipiid 
ith fiiscl-oil odour, boiling at 118 5° and having (he sp gr. 0 824 
to' It may be picpitred by the ri'duction of methyl jiropxl 
etoiie Tli(^ alcohol is opticallv iiiactixe, but the d-i oinjionent 
;ii; be destio,\cd by the action of PemcUltum ykuCHm, thus leaving 
1C biibstanoe lie\urotutor> (IjC Hcl) 

(.")) Methyl Isopropyl carbinol, (('H,)t('H ('11(011) ('ll,, is a lupiid 
oiling at 112 5 , and haxing the bp gr. 0K;1;I at O' It may be 
ht'Miied 1)} redudioii of the corn‘S|Nnidmg ketone 
((>) Diethyl carbinol, (('jlf^ljf'll Oil, is a lujuid of |K*culiar odmir, 
oiling at 1 10 ii" ami having the sp gr 0 8315 at 0' It is formed 
v iicatnig ethyl foriiiatc with Kinc and eth>l iralide 

(7) Dimethyl ethyl carbinol (Tertiary ani,\l alcohol), 

(('lf3)3('(()H){',H3, . 

a liquid with a c amjihor-like odour, iNiilmg at 102 r>', and of 
). gr. 0 827 at 0" Tt can be prepanti b\ shaking aiiiylene at a 
w lemjierature ( --20") with bulphurio acid mixcnl with* one-half 
I an equal volume of water, and then ililiitiDg and boiling the 
tiutiun It acts as a narcutie 

(8) Tertiary butyl carbinol, (CHsl^C CH. OH. Tins alcohol is 
rined on reducing the chloride of trimethyl-acctie acid with 
idium amalgam It is a solid, molting at 48- 60^ and boiling at 
2 ". 

Fusel oil.— This is a complex mixture produced to the extent 
a few tenths per cent in ordinary alcohnlie lermentation Thus 
Clin four patent-still distilleries the follox^ing quantities of fusel 
L were produced for every 100 gallons of absolute alcohol inanu- 
eturedj the materials fermented being grain cereals ^ 

* Appendix 0, Royal CommLnion on Whisky Report, 1900. 
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FtiHnI (lil conHiNtM (‘hiftfly of four highor alcohols, nnnioly. normal 
]iropyl, isobulvl, active amyl, and inactive amyl alc'ohols 'rho 
lust is the largest eonatitiieni Small ])n>|N>rti(tnN of esters and 
fn‘e fatty acids are also present, with more or Ichs (dhyl alcohol and 
water 

Tn addition to thi^ foregoing, other iilcolinis of tin* l)iit\l and amyl 
series es|M‘i*ially normal hiitO, havi* Is-eii notcsl as (K-ciirring in 
fusel oil, and also small quniititieH fif hex\l and hept,\l alcohols, 
furfural. ter|K‘ncs, and basic suhsinnees 

By the use of spci ial ferments, starch inaslu's may Iw din-ctly 
ff'i'menttsl to acetone and fii.Mel oil, with little or no et)i}l alcohol 
(Kernbach) The fusel oil thus obtained contains a 1 aig(‘ propor- 
lioii of biit\l alcohol Th(‘ acetone is se])arnle(l from tin* od by 
fractional distillation 

As regards the sounr of the higher alcohols in ordinary fiisid 
oils, Khrlich* has shown (hat they are formed b\ the action of 
yeast iiiani the amino-acids which ivsiilt tiom the decomposition 
of proteid bodies presi'rit in the mash and also in the ;ietist itself 
liciicine, (('H3)arH(Tf,(’H(XI4)(‘()f)ll. yields ina(ti\.‘ am\l 
alcohol Smiilarl) Molciicine yields the active am,\l alcohol 
In order that this niH\ take place, the nitiogciioiis lesidiies of 
the aniino-acids must la* split ofT in the form of ammonia, but this 
substance cannot Im« detected in the liquid Khrlieh'a conclusion, 
therefori', is that tlie ammonia is assimilatrsl us fast ns it is fonnisl, 
and is utilised iii the prmliiction of the nitmgciious constituents of 
the growing u'ust The proiluetioii of fusel oil diqa'nds uikiii 
whether the yeast derives its nitrogenous nutriment from ainino- 
ncids, or from other soun'cs w'hieh }ielrl assimilable nitrogen more 
nwlily las, for example, ammonium salts When these are 
pn'seiit, the ainuio-acids are not attaeked, and little or no fusid oil 
is producoil In a solution of pure sugar containing no other more 
ivadily-oasimilateil nitrogenous nutriment, the yiehl of fusel oil 
uaii lie iiiereasiMl either by adding amino-aeids or by so arranging 
the eonditions that they arc unfavourable to the gniwtli of the 
>east, and thus inducing it to excrete a jiart of its own nitnigcn in 
the form of amino-acids. In the ordinary fermentation of pure 
sugar by yeast, the percentage of fusel oil calculated on the total 

1 Fer.. 1007. 40, '.1027. 
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yield of nliohol rniiKos from alioiit 04 to t)7 pT j-eiit Wluii 
loueiiic w added to the holiition. the iiriMlm tioii ol fiiHiJ oil iiiiu rise 
to as inueJi as 3 jK‘r eent , the inaMiiniin weld i>einjr oljiniiuvt when 
the projKirtiuii of \ea.st to siijjar is one to ti\e ’ 

In eoiineetioii with Khrlieli'K \ie\i that under eertain eondtiiona 
the jeast itself may >u*ld up Mune of its nitrogen, it may lie men- 
tioned that J R ('arrueido had pit>\ifiuHl\ pul forwanl a somewhat 
aimilar HUfcgestion in discussing the meehanisiii r)f the producrion 
of glycerol during aleohohe fermentation “ Ji(‘ nttrihiited tl'e 
formation of glycerol not to the dei omjMisiiion of sugar h\ yeast, 
hut to an nutolytie destnietion of the yeast itsi'If. probably owing 
to the action of an enr\me on the piotein mateiial of the \east- 
cells a 

Synthetic fusel oil.- it is of mli'n'st to note that pioposula 
for the inamifaetiire oi swithetie fusel oil ha\e him ]iut forward 
fn one melliod gasoline ih chlorinated, and the ri'siilting ehlorinnted 
liwlroeaihons hcutnl with inetliil aleohol and u formate to 140 ItHr 
under pressure 'I'lie produet ohtaiiied eoiisists of monohydric 
aleohols of high hoilmg |ioint, which, it is claimed, ean he used as 
a siiiistitute foi fusel oil * 

In another process, a petToleiiin distillate lioilmg between 20" 
and 7.V, eontuiiiing ]K*ntane8 and hexanes, is treated with ehlorinc 
so as to iirisluee ehielly moiKK'hloro denvatixes These are then 
hcatul with an acetate to 17U 25(1'’ at a pressiue of IKK) Ih pT 
situuro inch, thu product furnisliiiig a inixluie of iH'iitvl and hc\}l 
alcohols A turther \ icld of thesi* alcohols is olituined by hydro- 
lysing the ob'fincs which are jiroduml at the same time ^ 

Hy another methoo, ihe stearic ueid ester of the higher alcohol 
is formed through the netioii of smliiiiii brearatu iipm i)eiit>l or 
hexU ehloride, and the aleohol ohtaiiusl hy hwlrulysing the ester* 
Rtcune add and solid caustic soda are heated together in a jaekeled 
vpssel at 200 -240", and when thu water has been ex]jclle(l, a mixturu 
of pent}l and licx}l (blondes is introduetsl at the bottom of the 
vessel A part of thi' ehlorides reacts with thu soihum Htearale. 
whilst another jiart is mnvorted into olefiiiuB, and some distils 
unchanged. After sejiaratiiig the volatile jiroduets, the stearic 

> Ber., 1B07. 40, 1027. 

■ Revitta Acad. Set. Madnd, 1004; 1, 217 ; soo J. Chm. Soe. (AImI.), 
lOM). 08, [ij, 360. 

* It liOM recvnlly bocii showu tliut sugar, by femiaiUUoii (iikIit hijithU 
cunditiuiM, con yialil as inudi os 21 per cent f)( glycon;!. (K Sc)iH(*i(/i'r, 
Jhlv Chim Afta, 1910, S. 107 ) 

« Brookfl and Essex, LT.S.I* , 1221067. 1017. 

* IT.S.P., 1214019. 1017. 

* 1{.P., 119240, 1917. 
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rstor remaininjf im to about anr] diTompoNHl by iieatiiijir 
again with rauntic soda to 200-240*'. Tlio rt'RuIting alcohol 19 
then diHtilluil olT in the prcacnco of a little water or steam. 

Composition.— 'Fusel oil is of variable C(»iiii)ositioii, 
depending upon the nature of the materials fernieiited, probably 
also on the kind of yeast, and on the niethorl of distillation Whilst 
the oil fnini grain spirit or potato spirit is largely composed of 
amyl alcohols, that from brandy-mares uonkins a notable quantity 
of normal propyl alcohol, and sometimes normal butU alcohol 
also ; and much isohiityl alcohol is found in spirit distilled from 
beet sugar washes 

K. Windisch^ gives the follouing analysi's of fusel oil from ]iotutocs 
and from gi'aiii ; the results are caleulntnd upon the oils fn‘ed from 
ethyl aleohol and water * — 

IVropnlagp by wi-ij'lil. 
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In the grain fusel oil Wimlisch also found teriMsies, 
eent, and terixme hydrate, 0048 jicr cent Both these, c\eii 
W'hcn highly diluti'd, had the charactcristio aroma of gram spirit- 
The teriieno resemhksi phellaiidrciie. but was n«jt posit ivclyidcnl if iisl 
An old analysis of Kahutcau's* shows li) )ier cent of isopropyl 
alcohol in fusel oil from [mtatn spirit, hut this has not liecn con- 
lirmcd 

The acids and esters sh<iun in Windisch's analyses ucre found to 
he chieHy capnc and caprjlic, with sinullcr amounts of cajiroic and 
pclargouic, a little acetic, and traces of butyric 
Dr. J. BelF gives the following as the comiKisitioii of fusel oil 
obtained from [Nitcnt-still distilleries pnxlucing (I) *‘grom " spirit 
and (2) molasses '* spirit : 

Ethyl alcohol 

SSjr r, 

Amyl „ .. , 

1 Xrb. Kais. Qtaund., 1892, 8 . 228. 

■ rompl. renrf., 187M, 87. 600. 

■ Seloot IVimnuttee on Spiriti, 1891, Miiiutoa, p. 93. 


(1) Gnin 

(2) MoIoom's 

qpint. 

spirit. 

Per cent. 

Percent. 

6B 

9U 

18-9 

13 0 

33 4 

42 0 

422 

30 0 
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Onlonneau* fractionntc^l a largi* quantity of 2o v<‘ai old 
brandy, and obtaincil :t44 5 ^jraiiw of liighor nUohoU ix r hoctolitrr 
of brandy. Thia fuaol oil portion had th(‘ ftdlouiiig iM'rtrnlago 
composition 


Norpiinl prupyl Alculml 1 1 |[ 

„ butyl „ li.l a 

Amyl iilcuhol .... 

Hfxyl Hiul hi'ptyl iilcdiiol 0 ii 


iSiiiiilur troatini'iit of cuiuiiu'nial alroliols diTivcd from inair«\ 
bettniot, and potatiM's yielded Ordonnenii no lrnc«‘ of ?f biitxl 
ak-ohol, but only propyl, i(iobut^\l, and nni}l ideohoN The N-1)ut\l 
aleohol found in the brantly was attributed to the inlliiiiKe of 
elliptical yea.qt 

Claiidou and Morin* Hubsequtmtl} examined 2r>0 ^ranih of the 
oils obtained by Clrdnnneaii Tliehe were deli\draled with 
potassium carbonate and barium oxide, and fraetiimated the 
eompohitioii of the fraction containing the higher alcohols was an 
follows ■ — 


I’liipyl hIuiIioI 

.. lift 

JhuIiiiI}! „ 

. . 1 .1 

Noniinl butyl ultohcil .. 

. . 10 :i 

Amyl ulcdliul 

. .11 1 


Tliebc investigators thus eonlirmed Ordonneau's oliservalion that 
nunual hut,\ 1 alcohol wan a couHtitiient of the nils It was identilied 
bjt itb vapour density and by eonversion into the eorrespondjiig 
iodide They were inclined, however, to allnbiite its presciieo in 
the brandy to the development of a Imeilhib ix‘r]ia]M IfanlhH 
Lulyhcua- iii the wine from which the biuiid} was made, oiid not 
to the action of elliptical yeast They adduced an exiieriment' 
in which .sugar was fermented by elliptnal ^east, uhlained from 
wine and puntiisl by cultivation Foreign iiiiero-orgunisms were 
excluded From 100 kilos of niigar the} obtained 54 5 grams oi 
higher alcohols, but these did not include any normal but vl aleohol. 
The constituents and proportions were : — 

AT-Propyl ulcuhol , . . . 2>0 grams -<■ 3 7 piT rent. 

Isobutyl „ . . 1'5 M • 2 7 „ 

Amyl 51 0 „ « 03 0 

The proportions of propyl and isobntyl alcohols are noted as l»eing 
unusually low. 

Sabsequently, Morin^ distilled 02 litres of genuine cognac brandy 


1 Compf. rend., 1086, 102, 217-210. 
■ JM., 1887, lOi 1100. 


• 1887, 104, 1187. 

4 IM., 1887, 106, 1010. 
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nml frac'tionntrd th(* obhiining thorrfroni 200 ii^anis of 

liigiior alruhoh, aa followB*- 

iV-I*ni]iyl nicolitil .. .. 2.t ^miin - - 12 1 ^kt MMit. 

iHoTmtyl „ <1 „ r 29 0 „ 

Amyl . . 175 „ - KT* 0 

Normal Inityl alcohol \uia abnciit It would therefore api)car that 
ihia alcohol ]>< not nccCMOAnly a conatitiicnt of the fuMcl oil obtained 
from brandy. Further invcatigntionH, however, ure required 
An nmilyHiH of fiiwl oil from fmtuto Hpirit, quob-d by Herriek* 
os due to KniiH and Kayinanii. hIiouh fM 2 per cent of amyl alcohol, 
and about 5 |M‘r cent of ethyl alcohol, with imdMityl. propyl, mid 
hcAyl alcohols together totalling only about t)5 per cent Thin 
ap|)earH to be an abnormal aample ; but in an\ ease the other 
exarnpIcM given above hIkw that theit* is eoiisidi Table variation in 
the eompoHitioii of fusel oil- aa indwKl would be ex|Meled from the 
different eonditioriH of production and lolln-tion under which 
diffen'nt oHh are obtairusl 

h’uHcl oil ia Noluble in ether, chloroform, earhon tetrachloride, 
eurhoii diHu]|)hi(h\ benmie, and jietroleuni ether; hut ik disNolved 
by water to a ariiall extent only It ubsorlw ehlurine with some 
avidity ltn chief application in the aita h for the manufactim^ 
of amyl aeetati'. whicli is eiiqiloyed in nulling ftnvouring esseiiceH 
and an a aoKeiit for celluloid in the preparation ot varnishcH, leather 
mibatitutCH, and similar articlcH >Wl oil is al-o used .is a source 
of higher alcohols, which are taquirattsl from it h\ fj actional clistilla- 
tion The s|)ocial variety of fusel i.il producer! in Keiiilmchs 
pniccHS, which is said to cuiitniii about <»5 piT cent of butyl alcohol, 
lina licen siiggcHterl for in the nmnutactiire ot svnthelie rubber 
Evaluation of fusel oil. Oniinary fusel oil is of value 
eluefiy on account of the iimyl alcohol which it contains, and it 
is, or should he, n))]»ruimsl ('uiiiniercially on this liasis 
An approximate niethml of cstimiitiiig the amyl aleohol was 
devised by Allen 1 1 < onsists in agitating the sample in a graduated 
tube with an equal voluiiio of benzene (or petroleum spirit). 
tSuflieient water la then added to eaiim* the boiizene to separate. 

'I he incrcasi' in the volume of the benzene layer gives approximately 
tlio volume of amyl aleohol in the Mimple. 

It is obvious that this la only a rough niethrxl, whieh would serve 
fairly well if amyl aleohol were practically the only higher alcohol 
prcaeiit, but which would include as amyl most of the butyl and 
propyl alcohols in the qaiiiple. 

Q. lleiiuelman* has described the method uaixl at the In<:ti(ut 
* " InduHtnwl AUmIioI," p. 17«. ‘ 

^ Znlwh Sifintimnd., lOlit, 95. ttlS; J. Soe. C'Mm. Ind., 1912, 81. 1149. 
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fiir OiiningHL^ewertie, BtTliii, for tleii'rininiii); the |)ni])iirtion of 
niiiyl nleohiils in fiim‘1 oilri Tt ronMiMU in nKi'iTlJiiiiiii}; hy fniclioiiiil 
tlisUllation the |iro])ortion of (Hstillati* nt 127 -131' A 

HiHH'iul form of fractionating column is cnijiloycd , u figure of 
this is ap]K‘iul( (1 

Four fractinnn arc colhs-tcd : {a) up to 00°, (b) hetuwn IMP" and 
(f) bctucon ll.'i'’ and 127®, and (rf) 
between 127® nml 131® 

Fraotioii (/i) (onlaiiis ethyl ulcoho), 
some fuM‘I nd. and water It la dihtilksl 
trniii II Wiiter-hath thnnigh the fiiutionat 
ing (oluruii AH long ns rthyl nleohol pnHM‘A 
(Her The iesnliir is reinoxed to a M'piir- 
ntor, saturated with eoninion salt, and 
tlie fiisrl od ]Mirtion wliieli M‘paratt*H in 
obtiiiiasl b\ luimnigotT (he Miline solution 

Fiaetion (b) l^ also treatisl with salt, 
and the tiisci od ]ioilion M‘|Nirate<l in the 
same way This is mixed with that 
obtained from (ii). and re-fraetionated 
When the therinoinetei indientea 112** 
fraition (r) is added, and the distillation 
c<i"tinu(sl, th(‘ portion |Missiiig o\er nt 
127 and ahou* Iwing collected M*|Mir 
alcly Us ainoiiiit, nddisl to that of fnie- 
tioii (//), gives the total yield of amyl 
alcohols 

The ({unntity of fusel oil taken for dis 
tillatiori is I TiOth e In an example gi\eii, 
fraction (a) Amounted to 040 e e , {b) to 
420 c c , (r) to 4."! e c , and (d) to 475 e e 
From the n‘fractionalioii of (a), (6), and (c), 

175 c c were obtained dLstilliiig above 127® 

The total yudd of amyl alcohols was thew- 
foru 050 ce, or 43 3 per cent by 
volume. 


If 


M 


Ki(t I (I venoN MINI. 

lOlIMN I OK 1 1 Shi oil. 
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Estimation of ethyl alcohol in fusel oil.- 'I'hia la 

of some imjiortancp, ainco fusel oil eontainiiig not mure than 15 ]H*r 
lent of proof spirit " is allowed to be iioiiortcd into thia country- 
free of duty As a coinpleiiient to this, hurb fustd oil is allowed to 
be sent out from homo distilleries alao without payment of duty 
The accurate catimation of ethyl alcohol in such a complex niixiiiro 
of alcohols as fusel oil is a matter of some diffieulty, since the 

D u 
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complete elimination of propyl and isobutyl alcohols is impracticable, 
"rhe following method, however, due to J Holmes, gives results 
whi(‘h are substantially correct, an<l it may be used with confidcni'e 
for fusel oils containing up to 20 per cent of proof spirit. Though 
somewhat tedious in the detailed disicription, the actual operation 
talu'H only about two hours, or less if a scries is Isdiig done. 

Before giving the wWas opemndi it will b(‘ well to explain shortly 
the principles on wliicli the piViccss is based. 

(1) 1'iie oil is extract(‘d with a relatively large volume of water, 
Hullieicnt to rcinoxe the whole of the ellivl alcohol Some of the 
higlu‘r alcohols are nc'cc.ssarily taken out at the same time On 
saturating the lupii'ous solution with common salt and extracting 
it witli ])etroh‘iini ether, the greater jiart of these higher alcohols 
is removed 

(2) On now distilling the spintiioiis salt solution, all the remaining 
alcohols an' obtained in a relatively small volume, and a n‘pctition 
of the suit-] M'truleii 111 extraction removes all but a small (puintity 
of the liiglier alcohols, leaving the ctliyl alcohol approMinuti'ly 
pure, but not entirely so 

(3) The distnrhing eitect which the small quantity of higher 
uleohols still ])n*sent exerts ii|K»n the sjHiific gravity of the solution 
con now Ikj determiiioil by ini'nns of the refrnetomi'ter, and the 
necessary eorn'ctioii n])phed 

The modus o^wrandi is ns follows : - 

1. Extraotlon. 

(1) -Take 73 ce. of the sample Shake it vigorously ui a 
Be|mrator (/I) for some minutes with 160 ec of water (If an 
emulsion forms, add a few crystals of salt ) 

(2) - J)ruw off the aqueous layer into a second separator (W), 
saturate it with salt, and extract it with 160 e c of jietndeuin ether. 

(3) - --Hun oft the aqueous saline layer into a third separator (C), 
and extract it with a si'cond quantity (160 e.c ) of pi'troleiiin ether 
li'iiially draw' off this saline layer into a distilling flask TiCave tlie 
two quantities of (letnileum etlier in the respective scparatoni 
li and C' 

(4) — Meanwhile, the oil in separator A is sliaken a second time 
with 160 ec. of water. Tlie aqueous extract is run into the 
petroleum ether remaining in separator B, saturated with salt, 
and extracted with this petroleum ether. Hun the saline hquid 
into the ix^troleum other remaining in separator C, extract it with 
this ether, and finally* add it to the first quantity in the distilling 
fluk. 
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(f)) — Ropoat (4) Thus tho Haniplo haa liwii 4txtrAi't(f1 with tliri'o 
K‘|>nratp (juantities of ^\at(T, anil thou4ii<M)iiRoxti'ai'lo>, aftiTaciilitiiui • 
of Halt, luivo each fa'cii e.vtraeft>(l tnico Mith the •(anie luo rpiaiitities 
of irifi c‘.(‘ iH'tnileuni ether. 

IT Distillation and re-extraotlon. 

(U) - The liquid in the distilling Haak (45tt ce of Hpintnoiis salt 
solution) id now diatillMl until about 70 e c. of didlillnte arc I'ollccted 
Thia iH saturateil with salt and again cxtrnitcil with ]r>0 er of 
IM'truleuin ether Finally thin ]»urified wilt solution is le-distilled, 
th(‘ distillate made up to 75 e.e , and the R}Mritie gravity taken. 

Ill Refractometer correction. 

The ndraetuiii n'adiiig of the distilliiti* js taki'ii with the Zeiss 
iiniiKTsion refrnetuiiieter This muling will hi* somewhat higher 
than that of dilute ethyl alcohol of the wiiiie s|Mrilie giaMly (see 
table at end of chapter) The ditTerenci* is iiiiiltiplied b\ the 
(aetur 1 1, and subtracted from the {MTeeiitage of proof spiiit 
corn's|K)iid]iig with the HjHH'ific grayity of the distillate (Tin* 
factor I I is an exjH'iimental n-siilt ) 

F\am|il(‘ . SiijijioHc the hiMt'ific grayity to be dtlKtilKI and the 
ri'frnetion muling to be 32 0 

From the table, ap ffr OtIHOUO --170 jier cent of proof spirit, 
the n'fraetion yoliie of which is 2N7 

'I'hcii (32 0 - 28 7) N 1 1 - 3 ft, the subtractive eorreetioii to be 
api'lied. 

lienee the pen-eiitago of pniof N[>irit in the final distillate is 
17 0 - -3(1 - 13.4. 

Tills IS also tJic jK'rcentagu (by volume) of proof spirit in th(‘ 
samplo, since the volume taken (75 ec) was the same as that of 
the final distillate 

111 a fwiieh of mixtures, of known eonijM^sition, eontiiiiiiiig from 
5 to 25 |KT eent of ethyl alcohol at pnaif dlreiigth witli varying 
)jroportionB of liigher alcohols, the mean lefraeloinetcr correction 
was 4 3 (lowest 3 38, highest 5 70) If, therefore, no refrac t-oinetei 
is available, an approximation t<i the corm-t result may be obtained 
Iby deduetiiig this mean correction from the quantity of jiroof spirit 
indicated by the specific gravity of the final distillate 

As a rough " sorting out '* lucthorl, W'hieh d<M‘s not piuleiid to 
estimate tho ethyl alcohol, but which is useful for sliow'ing whethei 
such alcohol in a fusel oil approaches the 15 pc^r cent liniit or not, 
tho following process may he employed. 

Mix in a separator 100 c.c each of tho fusel oil, water, and 
petroleum ether. Shake vigorously for a few minutes IaoI stand 
five minutes. Run off the aqueous layer into a graduated cylinder, 
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niid (lotenmiir iN voliinic mid siMvifio If the total (jiiHiitity 

< of proof spiiit ill the nipinni.s la^er, eideidatefl on the haiii|)le, is 
less than in per (cnt , il in ])iol)iiiile that the pnipoilioii of ethyl 
aleolinl, at iirnof Htreiiffth, in alM.i les^ than 15 jm-t cent Hut if 
anything inoio than a mugh idea of the amount is wanted the 
longer method Hhtjuld 1 c employed A litth* emulKiun Hometiines 
forms: tin* \olijme of the aqueous liquid coutuiiimg this can he 
determined w'jHirately, after th(‘ main eleiir jiortion has been nin 
off for the spedfic giaiity determination 


KKFIUeriiJN-VAl.l bS Ob AgOhUliH sOl.ll'TlllNM Ub IIICIll K All OllilLS, I OMi'IIll M 
WITH TIlIJSL or I'liooe FTHYI. AU'OHoI. (“ miOF M'IIIIT ") Zl.iss IMMi.HSIllN 
RhFHACTUUbTLH Tj UlMHIATIIIlb. l.'l tl'. 
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19 6 

21 3 

22 4 

57H 

’> 

18 9 

21 3 

20 6 

22 9 

24 4 

m 

0 

19 7 

22 6 

21 7 

21 0 


410 

7 

20 0 

23 9 

22 8 

26 1 


340 

8 

21.* 

20 2 

23 'I 

27 8 



9 

22 U 

20 0 

20 0 

29 1 


IHA 

10 

22 8 

28 0 

20 2 

31 1 


IV2 

n 

23 0 

29 4 

27 4 

32 7 


039 

12 

24 4 

30 8 

28 7 

34 1 


0 98900 

13 

20 3 

32 2 

29 9 

300 


890 

14 

201 

33 0 

31 2 

37 7 


820 

10 

20 9 

JOU 

32 4 

39 3 


7r>7 

10 

27 8 

30 4 

33 7 

11 0 


01N) 

17 

. 28 7 

37 K 

319 



023 

18 

29 5 

39 3 

30 2 



007 

l<) 

30 1 

40 8 

:(7 4 



492 

20 

313 

42 3 

38 7 



428 

21 

32 3 

43 7 

40 0 



304 

22 

33 2 

401 

413 



302 

23 

34 1 

40 0 

42 0 



240 

24 

35 0 

47 8 

43 9 



180 

20 

:)oo 

491 

40 2 



120 

20 

30 9 

00 4 

40 0 



OoO 

27 

37 0 

017 

47 8 



000 

28 

38 8 

02 9 

19 2 



0 97940 

29 

39 7 

04 1 

00 0 



882 

30 

40 7 

00 3 

01 9 1 



824 

31 

41 7 

00 0 

03 2 



706 

32 

42 0 

57 0 

04 0 I 



708 

33 

43 0 

08 7 

00 8 



000 

34 

44 6 

09 8 

07 1 1 



0 07002 

30 

40 3 

~ 

08 4 




I. 


Several approximate methiKls have been suggested for the 
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O’^tiiiiation «>f othvl alculicil in fiiHt*! oil. wirh a** that of 0 L lUrx,* 
Imt they iiro inoro troulilosomo tlinii (ho foroiroin); slior[ prctcos^,^ 
and do ncd give vor\ aooiirato r('>ultM TIox's prooorw ia Ais 
folldu’a - 

Distil ItM) ttc of (hr hiiniplr until .I < r hn\o Ixon lollocled, 
Shako thi^ disLiUato witli an oqual \olunio of Niluratod salt wilntioii, 
and lot tlio niixtuio soparato If tlio fiihol oil laior anioiiiits (o 
oiio-lmlf (ho \ohiino of tho distillato or inoro. i( llla^ Im‘ takon that 
tho saiiiplo ooiitaiiK'd loss than l.'i por ooiit of spirit If no fiiKol 
oil soparatos out, or if (ho \oliiiiio is losh (hnn oiio-half thal of tho 
ilistillato. it jiia\ Ih‘ a^^ulIl(sl that (lion* is at l(‘nst l.'i ]M'r oont of 
Hjiint III thr‘ sniiipio To iisoortaiii (ho ijuantity inoro iioail), shako 
|(N) 0 o of tho sainpio with an (‘(|iial \o|iiiiio of sntiiiatod salt sulii 
tiori. sop,irato lh(‘ lattor, ami distd il .Mako iij) tho distillato to 
liMl ( 0, (aki‘ tho spnUio ^lavils. and tniin this ditorinino tliu 
anioiint of alonhol prosont. asMiinimr that tlio distillato conUina 
o(h\l ahsihol and uator only 


' \tn , ISl.l, 3'1. i(J>t 



nWAPTKll XT 

KPIIllTUOUH HKVKIIAriKH 

I - THK ClIKMirAh KXAMINATTON OF POTATTLK 
SPIRITS 

WlIAT iM usually n'frrrwl tu ah Iho “ alcohol " of onliunry potiihlo 
HpiritH d(H'H not coiwwt t»cn‘ly of pure* ethyl alcohol Small 
tpmiitticsj of aswM’ialcd hy-pnuliictH, especially higher alcohols, 
ost-ers, nldchyilcs, and Acida, aro present with the ethyl alcohol , 
and upon the nature and pniportion of (heso b\ -products depemd 
(lie special llnvour and character of the spirit Fthyl alcohol 
alone would ^ive a ndatively featureletw spirit, apart Iroin its 
properties ns an intoMcant The differences in flavour Iw-tween 
brandy, rum, nrul whisky, and nlho-equal alcoholic stren^jtli being 
postulated -any diffeiviietss in physiological effects which they innj 
show, depi'iul upon tho by-produets duveloped during the mnmi- 
fneturo of these spirits, in so far as these by-products are retained 
in the fiiiishwl articles. Furthermore, tho diffcri'iices in ehoracter 
between Aurious Hjieciineiw of the same class of H]nrit3-- whisky, 
for cxample~nn', other things lieing equal, due to variations in 
the diameter or amount of thu by-products or “secondary eon- 
stituents," ns they arc generally called. A “})ot -still" whisky 
eontiiiiiH more of thetH' than a “ patent-still ” spirit. 

Ill fart, the luixlem patent still rectifies the spint so thoroughly 
that onl> a small quantity of tho secondary constituents may 
remain, lienee such spirit is known as “ neutral ” or " silent " 
spirit. It is also often referred to os “ grain " spirit, from the fact 
that iiniiinUed groin', os distini't from malt, is largely used to supply 
the wash distilhxt for making potable spirits in jMitent stills 

As it is iniulc from dien|)er materials and by more effective (ilant, . 
patent-still spirit is cheaper to produce than the pot-still variety. 
Ilcnco there is a temptation to substitute it for the latter kind in 

400 
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8omo cases. li is not to be asGumrtI, ho«enT, that Him iH«iHK*rR- 
sarily done with fraudulent intent, I'aiN^cially vlii're M'liisKy la^ 
ooneerned Many jaMipIe pn^fer a niililer blend of the tan LiiidH 
to the 8tronger-t1a\oured |)ot-atill variety alone Nevertheleaa, it 
iH often ncccaaary to know what is the eliarac ter of a given Kpeeiinen 
of hpirits from thia point of view namely, aa to \ihether it eoiMiata 
wlinlly of pot-atill spirit, or of ijatent-atill spirit, or of n mixture 
of the two. 

The eheinienl anal^sM of |Mttahle spirits is luit nluaxs siinieieiii 
to deeide questiona whuh may anV as to the gcimineness of the 
spirits nr tin* eoiTeetnoHs of the de.signatioti under whieli they an* 
sold Our kiiowk'dpi' of some of the eoiwtiliienls is imperfect, our 
nielhnds of doteriniiiing others not ver\ satisfaetory , ami, above 
all, the articles theinselveH \Arv, and legitimately \ary, within 
certain limits Notw itJistanding this, chemical analysis, as TciearkeiJ 
hy the Rn\Hl ('niiiiiiission on Whinky,' “is capable of alToiding 
ver\ impoitant assistaiice in manv, if not in all, cases of siisjccted 
iniMlcMTiption, when the n'siilts of analyHs arc taken in conjiine- 
tion with ot her c\ idem e such as that of the ex|K<Ti taster ' Needless 
to sa>, there arc iiiaiix cases in which chemical nnal.\hiH is eapnhie, 
not onl\ of ‘ atTording assistam e," hut of showing fMisitively whether 
a spirit iioii'i article is or is not what it purports to h(‘ 

The an.iUsis usually comprises the following dcteniiinatioiM :>■ 

il) Alcoholic strength. 

(2) Acidity, fixed and volatile 

(3) Total solids and ash, with fiiither exauiiiiation of tlicsi' when 
necessary as regards coloiinng-inattei^, sugars, metallic eoinpoiinds, 
etc 

(4) Character ot the distillate, in resjM it of the proportions ol 
seeondary constituents 

(ff) Volatile acids. 

(6) I'^stera 
(f) Furfural. 

(ri). Aldehydes other than furfunil. 

(c). Higher alcohols 

Except as regards thia last itoro, most analysts use substantially 
the same procesaes for making tho reajicetivc determinations. 
Several different methods, however, are employed fur estimating 
the higher alcohols. It will therefore Im* convenient to describe 
first of all tho operations for the other conatituents, leaving tho 
higher alcohols for separate discussion. Tho procosses adducoil 
' Final Report, Gd. 4706, p. 47. 
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below are Ihow in iiw' at the Government Liboratory. essentially as 
given in evidence to the Royal (\)mnii'Mi(m on Whisky ^ 

Total acidity. --Fifty re of the sample an* titrated nitii 
deeinnrmal msln nr baryta, using phenolphthaliMii solution as 
indicator 

Fizad acidity. Another portion of TiO n r is cviijioraU'd in 
a beaker to near dryness over a steam-bath, about 25 e e of distilled 
aatcr udd(<d, anil the solution again rva]M)rat(‘d I'he. rt'sidiie is 
then dissolved in about 25 re of cold, ricently boiled, distilled 
water and titrated with deeinornial scala or baryta as lH‘fore. The 
dilTerenco betwism the fixed aehl .«» naecrtained and the value 
obtained for the total acidity is a nicasiim of the volatile acid 
Moth are cxpn“Hse<l in terms of acetic ni-id 

Total solids and ash.— tine hundred c e of the sample, or 
the residue left in the distilling tlask fiom the distill.itioii cx^mti- 
ineiit ineritiomsl Ixdovi, are evajiorated to dr\nesH in a tared capsule, 
dried in a steam oven at 100', and weigluil after cooling in a 
desieeator The residue is then ignited at a dull red heat to obtain 
tlie ash, which after weighing is cxniniiieil tor the ))n'seii(‘e of li'ad, 
copper, iron, et<' , if mpiiifd 

Distillation, ronimen'rd spirits are often slightly sweeten(>d 
and coloured, usually with earainel, though sometmies with a eonl- 
tar dyi' MoreoviT, most such spirits enntnin colouring and otlier 
innUers extracted from the cask in which tliev have Ikh'ii stored. 
Hence it is iieecssary to fnn.^ the spiiit tnun thfse eoluuiuig and 
exlroetive matters by distillation, iN'fore the tests desenbed below' 
can bo apjilicd This practice is also advisable even when the 
spirit appears to hi' colourless 

Tho spi'eiiie gravity and apiwrent strength of th>‘ sample having 
bcon aseertniiied, a iiioosunHl quantity (J20 to 150 cr , or more, 
uceordiiig to tho stnmgth) is placed in a distilling tlask, diluted to 
nearly 2tN) c e with distilled water, and gently distilled to as near 
dryness os possible without charring the residue The distiUatc 
IS made up to 200 c.e. with water, and the aluohohe strength 
determined , it should be about 50 |ier rent by volume (87 5 per 
cent of proof spirit), and the quantity taken lor distillation 
should have been such as to give this strength. 

( — Some analysts prefer to complete the distillation by 
passing a current of steam through the residual liqiiul when it has 
been distilled down to a small bulk See below, Allen-Marquanlt 
method ) 


Ap|k>ii(iix Q, p. 17. 
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Examination of the Distillate. 

Volatile acid. --Kift\ nf tlir (lintilLtp nro (Itrat4>(l with 
(looinoniml hixIii sulnUun, iiMiig ono ilrttp nl phi'noljilithahMii 
Holiition iiH iiidinitdr Tlu* and m oalnilnti^d as iindir (i ‘0 .Y/10 
wxlrt iisrd < 0 <NNi , 2 - acidif achl in ^raitH |MT KM) r i' of 
tUMilhUf). To ('xpn*sH thr nwdt in tin* niH(oiiinr\ form an iiiilli- 
^ramn pn KM) i‘c of nhnoliito alnihol. it must lx* multiplird 
furthiT hv tin* factor 

1.000 X KM) 

|MT < ont of alcohol hy vnlumi* in dislillatc 

Esters. The .*i0 c v of iinitraliMxl diKtillatc from the aridity 
detenninatioii an* transferred to n s ren-st(ip)H>n‘d silver pressure 
flask, a few ee of cold, recently hoiled distilled water Imsm^ used 
for imsiii^ Tweiit\ ee of disinormid soila, exaeth mensiired, 
are then adrhsl. the stopixT is screwed down, and the flnsK heated 
for two hours on a stcam-hath After eiNiliii);, the contents of 
tlie tlask an* tiansferreit to a heaker and titruteil with ileeinonuul 
sul[ihune and 

if no pressiiti* Husks art' available, the solution may he hoiled 
fi;eritlv under a relliix eoridenser tor an hour 

A ' blank eNpnimeiit is made with the same (piantil^ of alkali, 
iis.na lioihsl distilled water in plate of the alcohol No of 
ee V/l0-.\a()ll used up in (he hvdiolvsis OOOHH •, 2 f{rnm.s 
4if t‘s(er, ealeiilated as ethyl acetate, m KM) ee ot the diMtillutr. 
1’liis result IS then e.\]iressed in the eustomary form ns noted tor 
tliu volatile aeid 

Furfural.— A standard solution i.s made ii]i eontamiiiK I ftnini 
of eolourlesa furfural in KK) c.e of pun* spirit of fiO ])er cent stmiptfi, 
and from this, othtT standard solutions are prt'part'd eontaming 
0 1, OOl, and 0 001 gram re.siM*ctivel> ot furfural ]»er KK) ( e. of 
similar spint. 

Ten ee of thn distillate to U* examints] am placed in a small 
Nessler tube (2ri ee eH|)aeitv). anti similHr tiilx's are pn>pared 
eontaiiiiiig from 0.) e.e upwanla of the Htandard OOOl per cent, 
furfural solution, the volume in I'ach (»m‘ lieinp made up to 10 e e. 
w'ith pure 60 per cent, alcohol 

To each tulie is added 0 .*) e e of fnsihly pm) ared aniline ueetato 
(made by mixing equal volumes of jmre mliHlilled aniline, glaeial 
acetic acid, and water), and the contents well mixed. When furfural 
is jiresent a tino pink colour is soon develojN d, and at thi* en'l of 
Kfteen minutes the sample u compared with Uio standards , the 
quantity of furfural present is thus ascertained. 
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Aldohydes.— F(ir raHmating tho aldoliyilpA, a Htantlard 
soliilioii of nMcliydp iii 5d |ier cent, olrohol, roniaining (1 01 gram 
of ald«'liy<lo |mt 100 c.e , is requirerl ; thia ia prepared aa doHcribcd 
later on 

Ten c e. of the diatillate under examination arc placed in a aniall 
Nessler tube, and in aiinilar tuljea 10 c c. each of 51) per cent alcohol 
containing from 0 5 cc upwarda of the 001 i>er cent, standard 
aldehyde Holiitioii To each tube is added I c e of (jayoii and 
Sell i IT's reagent 

After shaking, tiie tula's art' alloai'd to stand for thirty minutes, 
when the violet etdours which doveltip arc compared. 

Standard aldehyde eolation. —This is pre])arcfl from purified 
al<leh>de ainmonln, (•ir,Gll(OH)'NH, The ri'crystallist'd siih- 
stanee is ground in n mortar with dehydrated t'tht'r several times, 
the el tier ht'ing decanted off after eat'h grinding , the residue is 
then dried for nlioiit Iwentv four hoiira in a desiceator over I'oneen- 
Iruti'd sniphiiric acid ^ 1 .'IKO (frams, eorrespiauling with 1 gram 
of uidehvde, aiv ueighefl out into a 100 ec' Hash, and dissohed in 
50 e e of strong alcohol (00 ix'r cent ) To the solution are adiled 
2*2 7 ee of N/l aleoholio sulphune aeiil ; this piveipitnles the 
Ainiiionia a.s sulfihate The flask is now lint'll up to the KN) c e. 
mark with nion* of the strong uleohol, and a fuitht'r 0 S e e of the 
alcohol is added to eoiniamsate for the volume of (he |ireei|>itati‘d 
Ammonium sulphate After being shaken and allow ed to .settle 
for twenty-four hours, tho solution is filtered It contains 1 giain 
of aldehyde fsT 11)0 e n , and from it standard solutions containing 
0 1 and 0 01 ginin are pre|)arcd hy ililution with 50 per cf'nt alcohol. 
Tlu' O' I jM'r cent solution can 1 h) used in the. estinmiions instead of 
till' 0 01 |K'r cent solution, hut as the quantities required will now 
nsiinlly he tenths of a cnhic eentiinetre. there is less accuracy in the 
measurements 

Oayon and Schlfl’s reagent.— To jiruparc this, a 0 1 i>er cent, 
aqueous solution of fuehsin is made, and 150 c e. of it arc luldcd 
to 100 c c. of n saturated solution of sodium bisulphite Fifteen e e. 
of 00 (MT cent sulphuric acid arc adiled, and the whole made up 
to 1 litre 

The estimation of higher alcohols in spirits.-- 

Tho methods used fall chiefly into three main classes ^ 

Tn one class the alcohols arc not separated from tho spirit, but 
are estiinatt'il by means of tlio colour produced through tho action 
of strong sulphuric acid upon them (Girard and Cuniasso ; Savalle ; 
Govemiuciit Laltoratoiy). 

> Compon L. Konaet, Aim. Fain/., 1910, 9k 209, 
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Tn tlio Korond ula.sH, thn higher ale<»holH aro extracted from tho 
spirit l)y meam of milvcnta (carbon toinu'hloriile, carlam (1isul]ihidn). 
Their amount is then determined by converMioii into the eorn*- 
spoiiding acids (Alleii-Marqnardt), or into tho nitrites (Beckmann), 
or the acetates (Bardy) 

Tn tho third (‘latiS, the higher alcohols are also extracted, chloro- 
form being th(‘ solvent, but the quantity is ilednceil from the 
inc'n'ase in tliu volume of the solvent. (The Ruso process, different 
modifications of which aro used in France and (iermony ) 

After describing the several methods m detail we will offer a 
few general remarks upon them, indicating what a])pear to ho their 
relatue merits or disadvantages 

Allen-Marquardt method. The principle iinricrl>ing 
this ]u(»ccss is the e\lractioii of the higher alcohols vith carbon 
tctracliliuidc, and their o\idaiioii to the corn'siionding acids, ^hich 
an* then I'stiiniitcd li\ titration The original dewrij^tion^ has Is^en 
modilicd slightly hy including suggestions made by Schidrouitx,’ 
and the mclliod as now rceommended is as folloas ^ 

Two hundred <• c of the spirit are taken, lee of strong solution 
of potassium h>droxide is added, and the mixture boiliMl for an 
hour under a jctliix condenser in h,\<lro1vhe csti^rs The liquid is 
tlieii distilled from a flask fitted for distillation aith stonm, hut the 
Ht( iiii IS not passed until only about 20 ee of tho sample nuiiain, 
and iliensifter (he o|s'ration is so (snidiicted that hy the time 
;i(M) e (• of distillate an* eolleetetl the residue in the flask is about 
10 ee 

The distillate is then mixed nith saturnbsl .salt solution (acidilied 
slightly with a few dnqis of sulphurio add), until it has a siH’iaiic 
gradty of II. It is now diddinl into two equal parts, so that 
duplicate ileterminations may lie made, and I'ach part is extracted 
with 100 cc of punfiiyi carbon tetrachloride, using 40, ,30, 20, 
and 10 c.c. successively. 

•Some eth}'! alcohol is containcil iii the Udrachluriclo extract. 
To remove it, thn extract is shaken first with .'K) e e of the saturated 
salt solution, and separated, and then with fiO cc, of saturated 
solution of sodium sulphate to remove remaining chloride. 

For tho oxidation of tho higher alcohols a mixture of 5 grams of 
potassium dichromate, 2 grams of strong sulphuric acid, and 
10 c.c. of w'atcr is added to tho corlKm tetrachloride extract in a 
fiosk provided with .*1 rcllnx condenser, and tho liquid boiled gently 

1 Allen’s " Commercial O^aiiio Analysis,” LHB8, 1, 164. 

> J. Soe. Chtm. Ind., 1902, 21, B16. 

^ Allen's ” Commercial Oigaiuo Analysis^” 1909, 1, 188. 
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for at leant ei^ht hoiim on a water-lKith. After the addition of 
‘10 4',(‘ of water to the liquid in thn flaak, the contents ore distilled 
until only about 20 c c. remain : then this residue is steain-distillcd 
as in the tint o|MTation until not miirh more than fi c c\ reinainB 
when 300 c e of total distillate have been colks'ted The distillate 
is then iitratt'd with decinormal barium hydrr)xide solution, shaking 
thornugld\ after each addition, until it in neutral to methyl -orange ; 
|ihenolphthaleiii is next addcsl and the titration eontinuisl to the 
neutral point lOaeli e e of the ^/Itl-noliition ref|uired in the 
[ihenolphthalein stage* of the titration njiri'sents 0(M)H8 gram of 
higher alcohols calculated ns amyl alcohol 
Tin* barium hydroxide used in the methyl-orange stngi* was 
formerly ignored in the calculation, ns tin* acidity hen* was siippostsl 
to Im‘ due to hulnichlorie acul This, howevi'r, np|M‘ars to Im* 
unjusliliable, since men*, traces of chlondi's may be loiind, whilst 
the methyl-orange n<*idity is about lit llw‘ b>bil ‘ Tin* 

recomnu'iidation made by Schidmwitz and Ka,\e is to calculate 
the whole of the acidity to amyl alcohol, but to estimate the chloiidcs 
gravi metrically if the methyl -orange ncidih much (‘xcecds 10 per 
cent of the whole, and correct the calculation at'conlingly 
BeckmaxUl's method.— As modified m IIMr) from an 
earlier description, which had Wn found unsatisfactory by various 
ohsi'rvers,^ this proe(*ss is an follows '' 

The spiiit, after distilliition to free it from nnv eolourmg or 
extractive matter, is diluted with water until it contains not more 
than 20 jut ci'iit of alcohol hy volume Fifty e e of this diluted 
spirit arc taken, and extracted with four aiiecessive quantities of 
earlsin tctraeJiloridc, using 50 ee of the latter each time and 
shaking vigorously for a few st'cniids The united carbon tetra- 
chloride extracts arc washed twice with alMiiit 20 o c of w'atcr, and 
then tiraUnl in a stoppered Hosk with 2 grams of potassium bi- 
Hiilplinte and I gram of siKlium nitrite, jiowdered together After 
shaking for n few miniiti>s, the mixture is transferri'd to a separating 
funnel, the tetraeliloride drawn of!, and the r(*sidue extracted twice 
with a little more carbon ttimehlondc The wliolc of the extracts 
an* now shaken with about 20 c c of a saturated solution of sodium 
liicarlMiiiate to remove excess of nitrous acid ; separated ; and then 
carefully mixed with about 75 c e. of strong sulphuric arid previously 
placed ill a iK’paratiiig funnel After luing well shaken, the mixture 
is run on to about 150 grams of crushed ice and the resulting snlutioii 
' iSchiiliOHitz and Kaye, .twiiyif, 1900, SI. 193> 

* Hcliidrowitz, ibid., 1903, 30, 192 ; Iknlford and Jenkz, J. Soo. Chun, 
hut. 1907, 88, 123. 

’ Zttlnh. Ntthr. atnuum., 1905. 18, 143-152. 
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titratrd with htAudard porinaiif'nimt^' M)lutii>Tt (I ml .0(K)) fn oid'-r 
to ol)taiii u sharp riul-|Miiiit an rxi^ss tif tiu* |H‘riiiaii(;Hnali‘, iiliiMit 
20 |H‘r (-(‘lit inoiv than ih list'd up should lie addl'd, and thr i'Xitsh 
titratiMl hack with standard Hohition of fi'rrous aninioniiiiu sulphatr 
Eoch i' p of Ihi* pprinanganutp solution UM*d up • 0(Kt27N jirnni 
of anivl alcohol 

Bi'ilfonI and .fenks' hn\c moilifiod this p''oc(‘SK lipst. hA iinproAcd 
extraction and uasliint!, and hc'condly h\ pstniiatiiif; tlic nitrites 
K dornctrically They proceed ns follows 

(fl) - To IM) cc of the spirit, diluti'il to 20 |k'I leiit strenf^th 
and (ontaiiied in a Ne|inrator, 2.1 irraniH of dr\ friiiniilar calcium 
chloride are addl'd, the separator hein^ co'>h‘d under the lap meaii- 
w Idle 

{h) The liipiid Is then shaken for seei'ii minutes with two 
HueeesMve quantities of 50 ee of eaihoii tetraehloiide 

(r) The resulting HHI ce of extract is washed with two sue 
cessi\e (piniitities, .‘10 ee enili, of .sutun ted calcium ehloiide 
Holution (I) It) 

(d) 1'he washed carlion tetiaehloride solution of higher nlcoliols 
is then treated with 2 grams of potassium hisulphate and I gram ot 
soilium nitrite (powdered together) to lonvert the alcohols into the 
nitrites Tlie \essel used should he di.\, not tis) large, and kept 
stoppered A small tapped and sto]i|)eied se]iaiatiiig funnel of 
about 170 ee cnjincit\ senes the ))ur|K)hi' well 

(e) -The nitrites, after waMlniig with solulion of sodiiim hi- 
eurhonnte and sejiaration of the latter, ns in the original process, 
are determined h\ Dunstan and DmhoihI s iiiethiHl,^ with ])otuHhium 
iodide in acid solution in absence of fnr oxygen, the iodine thus 
liberated being titrated with thiosiilphiite solution 17ie n-uction 
is based upon the following equntion - 

2HI I 2HN(), 2H,() ( 2X(l i f, 

Details of manipulation arc given in the original paiwr of Diinstnn 
and Dyniond, and also in Sutton's '' Voliiuietrie Analysis " (]> 2K0 
of the I9l I edition), but a modification of the apimrutus is preferred 
by Bedfonl and Jenks, on account of the action of carbon tetra- 
chloride on the rubber joint 

These authors use an ordinary ix^r-shaped se^iarator funnel of 
about 350 cc capacity and 3} inehea diameter, providixl with ii 
well -ground stopper and tap. The stem is about 2 in long, is cut 
off obliijuely, and passes through a rubber Rtoiqier to a round- 
bottomed flask of about 2.50 c c ca]}acity. The whole is conveni- 

> J. Soe. Chtm. IwL, 1807, 88, 123. • Phann. J., IKSO , Lm], 18, 741. 
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cntly hanf; on a ootton-wrupfMfl ring nn a n‘toi't Rtnnd. Tlio tap 
Rtul iU Bocket iniiKt tn’. |KTfi*ftl> clean anil dry Iwfun^ uso. niul 
bhoulil bo fa'oly covered vitli vahclino. 

Five c.o. of a 10 per cent loilutiun of jtoiaHHiuni iodide, 5 c c of 
a 10 per cunt, solution of sulphuric acid, nml 40 r c of water are 
intrrxluccd into the fUuik, and the tap of the funnel being ojM'n. the 
mixture is boiled so as completely to ex|M‘l the nir from the finHk, 
When the volume of the luiuid Iirh been n'diieed to about 10 e e , 
the flame is ix‘inoved with one hand, the tnj) iH MinultaneouKly 
elosed with the other, and then serewiil firmly into position with 
both handH If the tap has beim proiK^rly dried and gn'asi‘d at 
the atari it will remain air-tight, and will move freely when tliu 
apparatUH is cold, though it may op|)car to be jammed whdst 
cooling is taking ])lnee. 

The carlHUi tetraehlonde soliitiim of the nitrites is ]iussed into 
the cooled flask through the separator, eaiv lamig taken that no 
air ia admittiHl, and then 20 e e of alcohol (ordiiiar> rectified sjaiil) 
arc also run in The nitrites are quaiititatuely (teeonijioseil, 
UHiiuUy alter vigoroua shaking for a few minutes, Ihougli it is 
desirable to allow the floak to stand fur tihoui uii hour before actual 
titration, and to keep it under observation for some hours longer 

The liberated iodine is titiated witli deeinoniml thiosulphate 
solution, which is run from a hureite into the si'purutor, and 
gradually drawn into the flask by means of the la]> As soon ns 
the iodine is deeolorisiKl any excess of thiosulphate remaining in 
the Ropnrator is retiirncil to the burette , or more accurately, it 
may bo titrated sepurutel) w'ith standard iodine sohitioti to a.s(S'rtain 
its amount From the volume of tliiosuljihutc used up, the (piantity 
of nitrous neid is calculatixl fnmi the equation given, ami theiiee 
tho equivalent amount of amyl or other nitrite is obtained 

This method gave the authors very good results wlien tested 
upon known quaiilities of the individual higher aleoliols - amyl, 
/t-butyl, isobutyl, and a-prupyl The quantities found weiv gener- 
ally witiiin almiit 5 jier cent of the amounts addeil. With isopio})yl 
alcohol, however, only about 70 ])er cent, of tlio addixl quantity 
was shown in the results When samples of eommereial spirits 
were examined tho results obtained, as would be cxjiected, were 
generally higher than thosi* given by the Alleii-Marquaidt pna-ess^ 
and soiuetimea considerably higher. The authors look upon the 
dilTerence as a meohuro of the “ intermediate ” higher alcohols 
Government Laboratory method.- One gram of 
a standanl mixture of higher alcohols (see below) is dissolved in 
100 c.e. of pure 50 per cent, alcohol, and from this a standard 
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solution is pn^pared roiitaining 0 1 graui of llio lii^hrr nlcuholn in 
100 CO. 

To estimatt) the pro|Mirlioii of higher aluohnlM in ii HiunjtJe, 10 e.e 
of the (listilluto, ohtainml hh alnsidy cltHtorihed, are placed in a sniaU 
fla.sk of about 7o ee eajMieity, and in aimilar tliiakK are placed 
quantitieH 10 e e. each of .'50 per wnt. alcohol containing from 0 5 c e 
iipwarda of the .standard 0 1 (mt cent Holution To theae InpiidH 
is added t» See of a I per cent, artlution of furfural in each case, 
and then 10 e c of coneentratisl Hulphurie acid are nUmly run in ko 
that the acid forms a lover at the iMitloin of the flask J'.'nch flask is 
placed in an ioe-rold water-bath and tho eoiitenU Htirrcd by shaking 
gentiv during thirty seconds, after which it is allowed to stand for 
about an hour at the ordinary teni|XTaturc of the room In the 
jireaeiKc of an ajipn-cioblc quantity of higher nlioholM, a nsldish- 
Molel colour devclojia, and the jiroportion of these nlcoliola in the 
sample cun b(‘ e.^timafed by compariHOii with tlii' htandanks 

The .standard mixture of Ingher alioholN used for conqiuriNoii, 
and in terms of which the rehulis of this test are cxjirchwsl, 
contains 


1'iu|\>l ulnilio] , . ] jinrt. 

iNylmlyl „ 2 parts 

Amyl ‘ . :( „ 

Capiy'l „ J purl 


This mixtun is some appioximation to the uMTage (>oinposition of 
tho fusel oil " alcohols of ]Mit-htill hpirits as dctcriniiicd by a 
imrnlier of cx]ieiiment.s made in the (iovemment Laboratory 

In excejitional cases it ninj la* iiwcssary to remove the e.sters 
and aldeliydcH bt'fure a])])l}iiig this process, but as a rule tlie 
colorations obtainetl with coinim'mal sjniits arc very similar in 
tint to those given by the standard mixture, and with ean^ful 
manipulation and similar condition.s of working, comjiarabh' ichull.s 
can bo obtained without much cliflicuUy. 

All the results are Anally calculated to milligraniN per lOt) c c 
of absolute alcohol in tlic sample. 

Girard and Cuniasse's method. -Aldeh} dee and 
furfural are fint eliminated from the spirit to be tested, as they 
are not without effect upon the colour produced with sulphuric 
acid by the higher alcohols. 

For this purpose, 50 c.c of the spirit at a strength of 50 jicr cent 
are placed in a flask of ahout 260 c.c. epntent, and mixed with 
1 gram of cither metaphenylcne<liajnine hydrochhiride, or of 
wiline phosphate (equal volumes of aniline ond phnsiihoric acid 
of sp. gr. 1‘453). After addition of a few small piec'cs of pumice- 
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fltrmr to n'friilnriHi* the ebullition, the aleobol is boiled gently for 
nil hour under ii relliix eondeiiser, und then distilhNl olT rather 
rii])id1y, and us eoinpletelv ns is pruetieuble Mithout running risk 
of ehiipriiig the n^sidiie The lulji* eonnceting Husk and rondenser 
during the dihtillation should In* of n‘latively large diameter, and 
the limb leading from the flask should lie short, in order to give 
the minimum reflux cfToet 

The volume of the distillate is made up exaetly to oO c c , niixnl, 
and 10 e e are placed in n clean flask Into this, 10 e c of pure, 
colourless Hul|ihurie acid (irionohvdrated) arc iiin from a pi])ette 
down the side of the flask so ns not to disturb the alcohol appreeiabh 
The flask is then taken in a tiila* holdei and agitated briskly uhilst 
holding it in the* flame ot a gcMsI Hiinsen burner turned full on 
When ebullition commcnceH, nliieli should oeeur at the end of 
fifteen seeorids, tlie flask is removed, (o\ered \iith a small wiiteh- 
glass, and allowed to eool 

The colour produced is then com|Mircd in a colorimeter with that 
given b> standards eontaiiiing known fpiantities of isohut,>l nleohnl. 
treati'd in the same \\a.\ (In the ahsimce of o suitable culorimctiT 
the comparisons miiy, of eoursi*, be made in small “ iCessh-r " 
tulles ) 

Till* depths of colour produced an* not (*\a(tl\ proporlioiiul to 
the amounts of liigher alcohols present, so that (‘omjNiri.sons should 
he made with standards not differiiig too much from the sample 
III pruclicc, a curve h consUucted for use, hliowing the real content 
of higher uleohols corresiKniding with the appnn*iit content given 
by comparison with the standard when the lattiT differs from the 
sample this ohiiates the nceessity for dilutions and the eorre- 
s|K)ndmg calculations, and lessens (he inimher of standards reipiired. 

Saglier makes the process more sensitive for low' iiropurtioiu of 
higher uleohols b,> atlding 2fl dro|)s or inun* of a (1 1 ]H‘r cent, 
solution of furfural (in 50 per eent nleohol) to both sample and 
standard before the tmitment with sulphunu ac*id This 
iiitensifies the colours ])rodu«‘ri, and as both sample and 
standard arc tri'atcd alike, no eiTor is caused 

Koeques has intnulueed some modifications into the method to 
render it nioro sensitive and more precise He distils 100 c c. of 
the 50 per eent aleoliol, nftiT ndluxing with 2 gram.s of meta* 
phenylencdiamine hydrochloride, to a bulk of 75 e e , and works 
with the spirit at tliis higjier stieiigtli, namely, 66 7 fier eent. instead 
of 50 per cent Also the mixed acid and alcohol, instead of licing 
heated in a Bunsen burner, arc heated in a bath of ealeium chloride 
(60 per eent solution) to 120*" for an hour. 
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Table for convertinp ajijjaront content of lilffhcr alcohols iiito 
real content, when the RlniKlanl lOicd ia OOtKt? of ihoinilxl 
aluojiol in HN) cc of etli\I alcohol at (iii7 {mt rent, sticiij'lh : — 



]l4Hl 

Apj»ftn‘nt 

ItlMlI 

CdlltCIll. 

cunt cut. 

(sintcnt. 

contonl. 

0 1125 

0 1000 

0 0370 

00400 

010U9 

UUIKK) 

002.7.'> 

00.H0U 

OOHSa 

0 0800 

001.')0 

O02U0 

eu7U0 

0U7U0 

0 OUliO 

0 0100 

UOOlO 

UOtMM) 

OflOlO 

OOO.W 

0 0.'|00 

0 orsiu 




The Rose process.- 'lliis ni(‘tho(l is not iiml m thi'i 
country, but is ofliiaal in Pran«‘c, |»articulaih as a sorliim-out 
procedure proliniinary to the application (»f the lon^tT and more 
cMU'tiri); Hardy nicthiHl, dcsenlx'd later on It de]»cnds upon the 
imrca.se of \oluine pniduccd in a|;i\cn (piiintity of chloroform, uhen 
llu‘ alcohol in (picstion w .shaken with the chloroform under strictly 
dcHried conditions Cnlvet* kim*s the follow mf{ modilication oh 
used 111 France- •- 

iSuch .1 ([uaiitity of the suiiiple is t.ikni us will.comaiii exactly 
IIN) c c of iihaoliite alcohol, and this ia diluted to exactly 400 c.e. 
at ir»" Fifty c c. of chloroform at ir)" aie measured into a “ Rose 
tube" (This w a \csscl of 700 cc capacity, the iip])er pnit oi 
wliicli rcscmbh‘d a pcar-sliaiMsl s«*]Niidtor, and the low it jinrt is a 
Icdh of 411 cc capacity, joined to the u]>i>cr jiort hy a nairow, 
prailuutcd stem ) The <lilutc*d alcohol is added to the chloroform, 
followi'd hy 2 e e of sulpliuric acid (1) - 1 *280). After Isiiig placed 
in a water-bath kept at 1.')“ fur halt aa hour, the tuba is shaken 
vigorouhly for five minutesS in a mechanical slinkcr, and again placed 
in tlio bath When the eldoroforni has all collected together its 
voliimu IS read off on Die graduated stem, and the increase iioioil 

I'nder thei»e conditions, pure alcohol givi*8 un iiicn-ase of 0’4r> 
to 0 50 cc. in the chloroform layer. WiUi 1 pr cent of amyl 
alcohol the inercasc is 1 0 c c , or a net value of 1 4 e c. on dedmting 
0 5 for the “ blank " experiment. One jier cent, of isobiityl alcohol 
gives a net increase of 0 6 c c , and 1 piT cent, of propyl ah-ohol 
gives 0 26 c.c, net increase; these honiologues are counted as 
amyl alcohol unless it is known that oiio or other of them is the 
ohief alcohol present. 

Bardy'fl method.^The prioGiple of this process is the 
extraction of the amyl and butyl alcohols with carbon disulphide 
from the sample (saturated with salt), their removal with sulphuric 
acid from the carbon disulphide, and their ultimate conversion into 

1 “ Alcohols,*’ p. 97. > Compt. nnd., 1S92, Ui 1201. 
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tho acotutoH, the vf)luui(‘ of which is nicnsiircd The propyl alrohol 
is (lotiTiiiincd hy oxidation nilh iHJlashiiiin pcrnionfranuti* under 
proscribed eonditions 

(1) .--'Mix 1(K) eo of the alcohol in a sto|)j)ored Me])aratt>r with 
45U cc of saturaU'd salt sohitiun, and alsnit 50 ec of water to 
provont tho snll eryNtiillising out Afld t)0 -70 oc of pure earhoii 
(liHulphitlo 

(2) - Shako xigorously for I minute, loosen tlie stopper a 
moment to eitualisu tho pressure, then shake again for live minutes 

(3) . - Kuii of! the earhoii disulphide into u 300 c e s(‘parator, 
taking care to avoid the entrance of any (»f the aqueous li(|uid. 

(4) Make two further extraetions in the same way, adding 
the earhoii disulpiiido extraets to that in the 3<M) ee sepaiator. 
All the amyl and buUl aleohuls are thus removed lletain tho 
saliiio liquid for the prop,\l aleohol deteiniinatioii (sts* helow). 

(5) — Shake tlie inixisl earhoii disu]])hid<' extracts with enough 
sulphuric aeid (I) = 1 845) to allow' of the and eolleetiug at the 
bottom of the siqiarator after shaking (ahoiit 2 3 e e sulliee) Twirl 
the separator a* little to assist settling, and let stand till tite and 
has Hoparnt(‘d 

(0) —Draw oil the acid into a 125 ee flask. Wash the eailioii 
disulphide twice with 1 ee of bulphurie and each time, and add 
the washings t<i tho first qiuintily of and in the llnsk 

(7) - Kxt>el any carbon disulphide froiii the and (‘Xliaet l)\ 
passing a current of air on to the surface, warming, if in'cessar\, to 
about fiO''. 

(8) - Now add enough crystallised siKliiim acetate to deiompose 
nearly all the sulphuric acid (I 5 grams for each 1 ec of and will 
sufKcc), lit tile Mask writli an air-eondenscr I iiietn* long, and heat 
the llosk on the water-bath dunng half an liour 

(9) . -After cooling, add to the contents of the tiask KM) ee of 
salt solution, and then remove the whole to a separator of 3(X) e e. 
capacity, the lower ]iart of whieli is drawn out and graduated into 
tenths of a e c 

(10) .- - Allow the liquid to rest for some hours, then draw ot! the 
salt solution so as to bring the an\>l and biit}l acetates into the 
graduated stem. Tlaec the uistnimeiit in water at 15 ^ and when 
tho leiiipcrature is constant read of! the volume of the acetates. 
Tho nuinbor of c c. multiplied by U 8, gives tiie quantity of amyl 
and butyl alcohols (together) m 100 e c. of the s|urit taken. 

(11) . — ^To determine the propyl alcohol, take tlic extracted liquid 
retained at (4), and liltoi it through moistened paper to remove 
any carbon disulphide. Then distil it until the strength of the 
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distilliilc Hho\v8 liO |HT fciit «>f aliMihol (nt 15®) At jNiiiit all 
tlie Imvu over 

Fill a hurctlc with (lu* (liatillato, aiul run out the ali'ohol liroji hy 
drop into u beaker contHiiiinf' TiO c.e of water and I 0 c i* of KMii()| 
solution (1 0 j(raiii imt litre) until a eo|){)er nnl tiiiKe h obtained 
Niiiiilnr to a stundanl tint The latter is pven hy 20 e v of fiieliHine 
solution (0 1 grain per litre) niixeil with .‘10 ce. of KjtVdi solution 
(0 5 gram jier litre), and iiiQile up to I5t» ee with water. 

I'lider theM* eondilioiiH, the htandard tint i'. giviai l)\ n]>proxi- 
inntely 2 5 e e of ethvi alcohol at Tit) jmt eentt strength containing 
1 per cent of propvl alcohol; whence the ]M*rceiilnge of propel 
alcohol in tho .sample is deduced 

If the .sanijile contains so much fiisid oil as to give a distinct 1a,\er 
of .siipciiintant oil when 100 cc an* diaken with 5tN> cc of uilt 
solution, tlie volume of this laver is reail oil in a suilahlc vi^ssel, 
and tli(‘ leinainder of the Inpiid ih then extnuted with carbon 
disiilphido ns di'serilKHl above 

Komarowsky- Fellenberg method.- Ah a nuans of deteding 
isoam,vl alcohol in spiritH, A Ivoinarow.sky in I!I0:) pioposcd 
ticalment of the huinple with sahe^lie aldeh,>de and sul 
pluiric acid ^ When to 10 c e ot the spirit are added 25 to 
!t0 dio|is of a 1 per cent alcoholic solution of .salicylic* u]deh)de and 
20 > c of stiong sulphuric acid, the niivtiin* develops ii colour which 
Is ri Idish liy rellected light and 3'ellow hv Irunsiuittcd light if 
isoainvl alcohol is ])rescnt to an extent not greater than 001 jier 
cent ilh larger (pinntilies of isoaiii}! alcohol, the colour HjipeorH 
gaiiiet-nsl, however viewed 

T von Felicnbcrg* states tliat the ml colour shows a yellow 
tliiorcsceiicc, which Uroincs greater a.s the amount of .saluylie le 
agent is iiicieaMsI. if, however, the mixture is diluted witli 02 per 
(cnt sulphuric acid, the yellow fluon'Meiicc dnuipjH'arH and a jiure 
reil IS obtained He ajiplies the test to the colonmetrie determina- 
tion of the higher alcohols of cognac in the following inanniT. 
Ten e c of the hyilrolysi'd distillate, diluted to a stn'iigtli of 30 per 
cent of aieohul by volume, an* treated with 1 c.e of a 1 per eenl 
alcoholic solution of salicylic aldehyde, and then carefully mixed 
with 20 e c of strong sulphuric acid. After the lujisi* of forty -five 
minutes the mixture is diluted with 50 c e of 02 ^ler cent sulphuric 
acid The colour obtained is then compared with thuM* pnidueeil 
in standard mixtures treated in tho same manner 

Other subatances than the alcohols of fusel oil give the red colour, 
as, for example, aromatic alcohols, phenols, and all eoinpounds 

> CAem. Zen., 1903, 27, 807. > /bid., 1010, 2i 701. 
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which crintain an cthylonn i^roup in thoir inolrmlc It not given, 
however, by polyhydric aleohol;*, or by ttlenhols and phenoln con- 
taining a carboxyl group. 

General remarks upon the determination of 
higher alcohols.— None of the methods for estimating higher 
alcohols gives results which am strictly and seientihcally neoiirat-c. 
That is to any. none determine the exact quantity of each separate 
alcohol - or even of the total alcohols w'itli certainty 

In the (!olorimetric proceases, for example, the reanllM are oblaiiied 
in terms either of a single constituent (isobiityl or amyl uleohol) 
or of a standard mixiiim 8inro the higher alcohols He\ernlly 
prodnec different intensities of colour with sulphuric neid, it follows 
that the results in either case are of the natum of an approximation 
This <»hjcclion applies, however, with less force when n mixture f)f 
high(T aloohols is taken for tiie stamlard than wImmi a single nh oliol 
is used os the criterion. 

Kiirthcrmore, sonic doubts ha\c been thrown upon the trusi- 
worihiness of tlie standard aleohnls themselves namely, as to 
whether the higher alcohols, if aliHoliitely pure, do m tnet ,Meld 
colorations with sulplnirie aeid It has been suggi^sled tlint tbe 
colorations obtained may really Im due to associnted and dinicnltl\- 
reinovalile impurities suelt ns lerpeiu's DeKinte ]>root of tins, 
liow'cv(‘r, is not forthcoming 

On tlio whoh*, perhaps the most jinx-ise method lor the (lelermimi- 
tum of higher aleohnls in spirits is the Diijinv Mun|iiurdt pi-oress ns 
impnived by Allen, Seliiflrf^wiir., and others, and now gMiernlly 
known as the *' Alleii-Marquanlt ” luethml. It is, howe\er, some- 
wlint lengthy and trouhlesoine, and, inomover, it cannot claim to 
he seientiticall} accurate in the sense delined above, sinee no 
determination of tlie separate alcohols is obtained All are 
oxpriHwed in terms of nmyl alcohol Further, there is at the outset 
the objection that if s(*eou(lary alcohols such as isojirojiyl alcohol 
or Hoeoiidary but} I alcohol an* present they aru not, in theory, 
properly taken account of. Isopropyl altxihol on oxidation is 
converted mto oeotoiie, and would not be shown at all in the msult. 
Secondary butyl alcohol, if oxidised beyond the ketone stage, yields 
eventually two molecules of acetic acid for each molecule of the 
alcohol, and thus would give an unduly high result. True, if both 
these alcohols occur together the errors tend to neutralise each other, 
but there is yet a further objection. It has been shown by direct 
experiment ujiGn known quantities of the individual higher alcohols 
that whilst good results ore obtainable in the case of amyl alcohol, 
the butyl and propyl alcohols are much under-estimated by the^ 
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prooetis Thiio Itcdfunl and Jenks,* in toting llio Allen -Marqiianit 
process, olitaiiied nviults of which the fnlluwiiifr is a sniuinary ; — 


.Mcnlml. 

Fuiuirl, 
ParerntAgA 
of quantity 
lulrlcil. 

Ariiyl 

03 to no 

fi llutvl 

30 

70 

Imhiityl 

2« .. 

fi2 

H Pnipyl 

13 

31 


A part of the losses was found to In* due to the fact that when the 
erirhnri tetrachloride extract of the higher alcohols is wasJiOfl with 
solution of sodium chloride ond schIiiiiu Kulpliate in onler to fn'o 
it from <‘tli\l alcohol, somi* |K>ition of the intermedia to alcohols is 
remo\ed at the same turn* This, indtM'd, is only whut would ho 
cxpcited If iimxl alcohol wcro praeticnlly the only higher alcohol 
pix'sciit, the Mlcii Marquardt priNrdiin* would give excellent n'sults. 

Much the same Jemark^ np]il) to the Ik'ckmanu method as to 
thu Allen Mai([uardt prcx'css, in iv.s|K*ct of the loss in wooshing and 
the e\|in*ssion of tlm n-sults in terms of one unit 
Tin* ncai<*.s( ap|uoacli m principle to nn accurate method of 
IS th.it <hie to llaidv, inasmuch as the projiyl alcohol is 
determined sep.iiate!v. and it would he ixissihle to estimate the 
respi live pi'o|Nirtioiis of nmxl and hut}l alcohols, if these were the 
oni> olhei’s pn-senl, hy eonverliiig them into the eorresponding 
mixed at idi and fiii<ling the comhiiiing weight The* jinieess appears, 
howcM'F, to he denser! for tin* ebtiniation o^ larger (|ijaiiliticH of 
liighrT alcohols tlinii are usually present in potnhio spirits, and it 
is unrleiiiahly lengthy and troiihlesoine 
As regaifls the Rose proccas, it .sulfcrs in principle from the far 1 
that the vanous air tihols prrKJur'r* dilTen'nt amounts of iiicreiisc in 
the volume of tho chloroform, one part of .imyl alcohol hr>iiig tMjuixu- 
Iciit to nearly six jiarts of propyl alcohol in this n^spi‘ut It rerpiircs 
very careful attention to details of temperature anti nianipiilatioii 
According to W L Dudley,* tho results arc much higher than those 
obtained hy tho Allen-Marquordt jinicesa. thmigh a marked 
relationship is observable between the results given by tho tw'o 
methods. This author gives an account of the pit‘cautions necessary 
in using the Hose process. Ifo considers the AUon-Monpiardt 
method tho better, a.s it is more rapid, has fewer *.ouree8 of error, 
and gives the amyl alcohol content more ofcuratcly. 

Whilst in English-spoakiiig countries tho Alicn-Marquardt 


> y. 8oe. Cketn. IwL, 1007. |0, 123. 
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inrtlKxl lian 1)oi‘Oin(‘ the slamlAnl prooosH, it han not lavn a(lo]»ti‘tl 
univoninlly On liu* Continent, oolonmetrie and other methods 
nn* used, and they offer so much saving of time that they \\ill 
|)ro))ably remain long in favour, eH{M‘eialIy as data based on tiiem 
liave been aeeumuinted Mhieh MTve as atandards- as, for examjile, 
in the anul\sis of brandy Ifenee it has betm nc*oeKsarv to di'scnhe 
the chief of these at some length There is all the more reason for 
this siiie<> the Allen- Marquardt proeeas, as alriMuly shown, is o]M'n 
to eritieism in some res|H‘(‘ts, ev<‘n though it may be aeeepti-d as 
on the whole the nearest Approaeli to a satisfactory midhod Tin* 
eoloriinetrie proeesHes, however, should be uswl with discretion, 
and the results should not be n'gardi*!! ns strictly (‘ompnrable with 
those given by the Allen Marquanlt process A number of lorn- 
|)arutiv(‘ fignn's obtained by this pris'css and by coloriimdiic 
methods bav(‘ been ]mbbshed, soine of which show n^lativelv 
enormous dilTen'iiees m the n*siilts, the colorimetne values being 
gonernlly the higher Without inquiring into the probable causes 
of these larger discrcqiam’ies, it may be nunarked that the color i- 
nietrie method as used in the (io\ eminent Laboratory has been 
found to give fair approximations to those obtiimeil on the same 
samples by the Allen Mnniuaidt process, and in only a fraction of 
the time reqiiiivd for the latter (see the ligures gi\en below) 
IVobably this is due to the facts that in the (lovernment Lahoriitory 
proec’ss, unlike some other incMliKeHtions of the eolorimidiir method, 
the action of tlu* siilphiirie acid is efliH'ted in the i‘old, and the 
standard of refen'iice is a inixinnH of higher alcohols, not a single 
alcohol 

Where a large nuinher of samples have to be examined, the 
analyst will prnbalily find it advantageous to use one of tho colon- 
’metric procesiwH in the first instance, employing the Allen- 
Marquiirdt method for eonfinnatory pur|)iMM‘s or for s])ceiid saiiqilcs 
if desinxl Wherever neecs.sary. the metluHl of estimation should 
tie stuti'd in giving the results For brandy, if the Freiieli data 
arc to be used for comparison, the process due to Girard and 
Cuniassr is obviously di'sirable, either with isobutyl alcohol os 
standard, or with ainyi alcohol, and the results calculated in terms 
of isobutyl alcohol 

Tho kind of agnH>menl which may be expecteil between it'sults 
obtained by three of the chief methods will be seen fnim the 
following table. ^ 


^ Appendix Q, Itoyal Commiasion on Whisky. 
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(Piirli piT i.UCHl of alMoliif4* 


Allon- 


(hiv! 

.Munpuinil 

It ( kiiiaiiii 

biihiiiiiliiry 

L’.'»0 !l 

flLNlS 

•2L*S 0 

JJl :i 

.IU4 :t 

a 

xiu a 

27H: 

n.'M) H 

:ti:{ 1 

271} .1 

2 HI 1 a 

L'SO II 

2SS <1 

:ii7.'i 

1M)1 4 

2KK II 

.117:. 


It is scartflx iioc^K-isarx to m\ Ihuli vory agriM'iiimt is not 
to bii I'vprctod m vii'w <»f th« admitted dinii-ultios ntti'iidini; kiicIi 
d('t(Mmiiiati(iris 


Jl HK\M)Y 

“ Brandy ” is u ]iotu1)1(‘ spirit distillod from fiTiniidrd ffra]>o 

piicn 

Hritisli lirandy ” m a conipoiindi'd spirit prrparrd l>v a mditioi 
or cnmpouiidfr liy rr-disfilling duty jiaid spirits, inado from Kraiii, 
with (lavoiiriiif! inurnlicnts : or h\ adding llavounng inatorialH to 
Hiidi spirits 

'1’lu‘rc is no slatiitorv dWinitioii of citliiT of thr nl) 0 \o trnns. 
Tli« woiil “ brand) " was umsI in old Arts of Pailianirnt to driiotc 
hpiiits olitaiiK'd fi’ojii irnsils ** Whrri'as good and wIiolosoiiK* 
liraiii Ill's, nqwi cihr, and .spirits inii\ hciimwii and inadr from inaltrii 
corn." «t<' (2 WdliHin and Mary, c II , HKHI) and a driinilion of 
“ British hrandy " ns a llavoiirfd spin! was given in the Spirits 
Alt as late as IHOt) ; hnt this has hinee been n'jiealed * 

The French name for what is known as brand) in this eoiiiitiy 
is ■ eau-de-vie,” but this term ii'wsl alone hna a .somewhat wide 
Mgnitioation in France, being legally a[)plienble to spirit iiiudo 
from gmpo mares, cider, iierry, cherneH, plunia, and other fniit, 
os well aa to that from wino More strictly, “ brandy ” as under- 
atood in this country corresiwiids with “enu-do-\do de viii,” or 
wino spirit proper. 

The most esteomwl brandies are produewl in the (,'ognao district. 
“ Cognac,” as the description of a spirit, is not expressly defined 
in the French law, but the name “eau-de-vie dc Cognac,” or 
“ Cognac ” simply, can only bo applied legally to spirits made in 
the Cognac region from the juice of gravies grown therein. This 
region comprises part of the two departments of Charenle and 

» For thu, and Iho coiUext, we lieport. Iloyal ComniiMion on Wliibky, 

p. 26 . 
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Oharcnto InfiTiourn, and is locally subdivided into the Grande or 
*Fino Cliampa|{ne, tin* Petite C^ainpagno, the Borderies, and the 
Buis, accordinf; to llit' quality of the wine produced. The soil is 
mainly calcareous : the grape grown is small in size and white in 
colour ; and the wine is of inferior quality for drinking purposes. 

(Cognac brandy is made both by the pnifessional distiller and by 
the farmer who grows his own grnjics A simple pot-still is generally 
used, and there are two distiHations, giving respin tively “ brmiillia” 
correspoiuling with the low w'liu^s " of the whisky distiller, and 
“ fponne chaujfe” equivalent to the “ spirits " Tn some distillericH, 
however, the brandy is produced at one continuous distillation, 
the stills being designated “ d prmiar jet '* 

1’lie wines iisod for “ (‘ognae. ” contain fiom 10 to 20 per cent 
of proof spirit, and the product h run from the stills at a strength 
of about 2/5 ov<*r proof The brandy is swee‘tened with cane-sugar, 
and slightly coloured, tlio objiHit of colouring being merely to keep 
a given brand uf) to a given level of colour 
Next to “ C<igna<’ ” in order of commercial merit come Uic brandies 
made in the Arnuignac, including the Marmando district A 
('ortain amount of brandy is mode in the Nantes district ; and largo 
quantities in tliu Midi, in the fferaiilt, Gard, Aiido, and Pyrenees 
Oriontales districts, these liiatuiies being commonly know'n as 
the " Truis Mix do Montpellier ” For ilistilling wines with an 
undesirable flavour, " continuous ” stills are used, giving siicli higher 
degree of n'ctilicatiun ns may be n^quinsl to eliminate the unwanted 
llavour 

** Marc brandies ” {‘* eau-de-vie do man.' ’') are spirits derived 
from the distillation of the skins of fresh gruiH's from which tho 
greater )Mirt of tho juice has been extracted 
llraiifly of good quality is also produced in Algeria and in Spain. 
Egyptian brandies are distilled in Alexandria from grapes grown in 
Itoumelia, parts of Greece, Cyprus, and Asia Minor. Some so-called 
“ Egyptian " brandies arc not distilled in Egypt, but are said to 
be probably made from currants grown in Greece. 

Tho quantity of brandy retained for home consumption in the 
[Inited Kingdom during tho year 1913-14 amounted to 1,644,163 
proof gallons. 

Brandy is not now included in tho British PharniacopoBia, but 
in the 1898 edition of that work it was defined as a spirituous liquid 
distilled from wine and matured by age, and containing not less 
than 30 6 per cent of alcohol by weight, or 43'6 per cent, by volume. 

As distilloil, brandy is colourless ; but as sold ia coloured, either 
by direct addition of colouring matter to ensure uniformity for 
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Hpccial brnncb, as already indicated, or by extraction of oolouriiif! 
matters from the storage casks The total amount of solids ranges 
from about 0*2 to 0 ft per cent in general, but quantities of more 
than 1 per cent are often met «ith, and occai«ionally even ns nineh 
as 3 p(‘r cent. The alcoholic stnmgth of brandy whtm sold in this 
country must not be lower than 25° under proof, unless w'lth notice 
to the purchaser ' 

Ordoimeaii, and also Claiidon and Morin, have investigated tlu> 
higher alcohols of brandy, and give the composition os follows 


l'ni])}l nli'oliol 
N’driiial butyl iiIouIkiI 
iHobiiiyl „ 

Aiiivl „ 


tlaiulun 
Ordoiinenu. hiiiI Morin 
IVr 1*001 l'i‘r cent 
11 » 117 

10 H O!) H 

1 0 n 
314 ‘Ji:i 


Tile characteristic llavoiir of braiidv li eonsidercd to Is* duo to 
reiiaiithu' ester, of which Onlonneau found 4 grams ai 100 litR's of 
the alcohols obtained from u Cognac brandy tvveiily-fiM* years old. 
The other esters discovered were ethvl acetate, 35 grams, and pro- 
pionic, butyric, and caproie esters, together amounting to 3 grams 
Much (lisciihsioTi nro.se some years ago upon the projiortion of 
esters wliieli genuine brandy should oontam A minimiini 
“ btuTidard ” of M(» parts, calculated as etli>l acetate, per lt)(),mX) 
of aUohol was advocated, and then* is no douH that most genuine 
brandies do contain this pniportion, and mon* Rut there is also 
no doubt, first, that occasional samples of genuine brandy may fall 
below' this limit in res[KHt of csteia; and, secondly, that llie 
adoption of such a standard baseil on a unnimiiiii proportion of 
esters alone would not afford protection against fraud, since, on 
the one band, brandies of higher ester content rould be dilubsl 
down with “ silent ” spirit, and, on the other, esters could be 
added to factitious brandies to ensure the presence of the requisite' 
quantity 

It is ill every way better, in drawing eonelusionh from the results 
of analysis, to consider, not the projiortion of esters alone, but 
the whole of the secondary constituents,’* and especially the 
higher alcohols. 

Girard and Cuniasse state that the sum of tlio secondary con- 
stituents, which they term tlio ** cix'fficient of impurity," is rarely 
lower than 300 in genuine alcohol from wipe 
M Lusson (Municipal Laboratory, La Rochelle) considers that 


> Amended dunng 1916 Ui 35° under proof for cortein areas, under the 
Defonoe of the Realm Aot. 
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1)10 Miiin in qiK'stinn is nrvor InwiT than 34(> in pure eau-de-vie ; nnd 
iitliat in rttujr-de-vie de Cngnaf free from lU'ulral apirit the sum of 
th(‘ estfTH and (ho hi<;hrr ah'ohola Ih al\vn\H aliovc 30() The aamc 
uiiilior remarks that tlie biim of the aeidity plu/i aldehydes lies 
normally hot ween 10 and .‘iti {nt cent of the total secondary eon- 
Ntitiumts in rnu r dr-vie The louer iiiinilN‘r ii]iplies In newer Hpirits, 
the hif^her to produotn hirty years old, hut without bein); exA(‘tly 
])ro|Sirlional to af;e 

M Roef|nes has shown that foi well-iiinde eau de-rie de rin prepared 
in the (lognue district the ratio of the higher alcohols to the esters 
approximates to unity 

(In French practice, it should be renieinb(‘red. the higher alcohols 
are doteriiiined colorinietricallv and expressed in terms of an isobiityl 
standard The colour priMliiciMl by aiiivl aicnhol is I(‘kh than that 
given by isobutyl alcohol in the jiroportion of : 5. TIence results 
obtained w'lth nii amyl alcohol standard ri'quiro to lie decreasisl 
in the same proportion for comparison with the French ligiin*s ) 

It the (‘sters 111 a siimpb* oi biaiidv tall siibstmitialU below SO, 
and at th(‘ saiii<‘ time the t(»tal secondary products are substiiiitialK 
below IKM) w'h«‘n the liighc'r ali'ohoU arc fh•termmed according to 
the French practice with isobutvl aI<-ohol as standard, the intiTcmce 
IS that the sample contaiiH an iidinixtiin* of luaitral spirit An 
approvimatc' idc.i of the minimum amount ot sinli admixture 
may be obtained b\ ciilculatiiig from the forc'going niimbcTs tukcui 
as .standards, allowance' being made for thu corresponding (iiiantities 
of products pn‘.seiit m uvesage speuiineiis of neutral spirit 
The unalNsis eif brandy is carried out bv the methods idnsidy 
de.scribcd for the I'xammaiioii of comintTciiil spirits 
'I'lie following anaUses of brandies nnd of neutral spirit (nfroo/s 
d'indu.shit') are gucii by (iirard and Cuniasse 
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Stiiiilniigp 

IH8U 

Saialiuigi' 

1800. 

D'Auiiis 

1800 

lie lie 

1800 

XriiiiiRiiiic 
40 years 
dill 

Di'iHiivnt 

U ill. 17 

0 80+7 

oonii 

0 891)3 

— 

Mcnhol, bv \nl 

otIO 

08 2 

H5r> 

70 0 

49 8 

K\(nu‘i,p«'r lOUc (■ — 

Seoonduy coDitttuenti - 

Nil 

Nil 

Nil 

0 18 

Aculitv . . 

105-7 

17 7 

21-9 

17 1 

146 7 

•Milolkvdes . . 

270 

23 9 

47 

23 0 

31 4 

FurfiirAl . . 

2:1 

20 

1 3 

2 1 

07 

Ksirrs 

. 107 0 ‘ 

Al V 

193 4 

133 4 

125-5 

Hitilicr nli'ohiils 

150 8 

259 8 

190 5 

219 8 

203 5 

Tolnl>i 

1 

4G2 7 305-7 

*' L'AiialyM den AkooU** 

411-8 306 3 

ISOOp p. 287 it «ty. 

607-8 
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Tin* “ wcondarv (‘(HHtiturnts ” iiro «'\|ir(*(wi‘d as parts pt*r KMt.tMM) 
of ahsnliito alcohol 


II 1)1 Ml IIK VI N OF KNOWS (llllOIV 

('lifiiii|iii|;iii' 



1 '| l/l‘S 

4 ilMllll/AC 

liPllluFlli' 

1.7 lo 20 


IS7+ 

IK').*) 

IHOII 
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l)|‘llMt^ at 1.)' 

u ii:r 
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.70 0 
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Secondary constituent! 
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‘ Sir, lull il«ip<< not ilKrM* with till* (li'iisitv 


IV CuVMRKriAL CoONArs, DRKVKD TO HR MIXTORRH OF Al^-OHOr. DKHIVKI) 
FKOM WINK WITH " IHOOSTRIAt. ” AT^ OIIOT. ("sir.KNT” SPIRIT). 
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00 

10 

10 
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6B>5 
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0 H140 

Alcohol, by x'ol. . 

94-2 

83 6 

0.7 6 

06 0 

06 6 
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SecondAry conitituenti 
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The following nrn aniilyHon b}' the Lantid Comriiiwion on Jlrandy 
(November, 19(14) 


Stoonduy coniUtnenti - - ^ Tuhlio hmm' 



Thn*o Star Two Stor.. Ora' Stni 

(1) 

■* (2) 

Acidity . . 
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70 4 

1.10'B 
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20 
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ilavourod grain Bpirit, and No 2 u gram spirit mixed wiih some 
riiiii 


Below arc a few examplen of brandy e\ninim‘d at the (Joverii- 
nient Jjaboratory and found to contain admix! iiiva of neiilrul 
apirit 

SeooDdary oonitituenti : 



(t) 

(2) 

(») 

(t) 

(fl) 


Andily 

41 0 

3H.1 

20 3 

2.1 7 

.11 1 

5 3 

Aldi’liydch 

11)0 

84 

15-.1 

13 0 

17 2 

ft H 

Fiirfiirul 

3.3 

0 5 

0 8 

0 0 

1 1) 

Nil 

Kuten 

02 4 

43-7 

03 0 

.10 A 

40 8 

.12 0 

Higher alcdhols , 

08.1 

34 0 

27 I 

102.1 

3H3 

40 1 

TntniH 

180 4 

1200 ' 

133- 1 

108 3 

1.18 0 

104 8 
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Gin irt a potable spirit flavoured with the volatile products of 
juniper borries, and often with thoso of other aromatic herbs as 
well, rt may be either sweetened or unsweetened. The spirit 
employed is usually patent-still spirit made from cereals, of which 
maize, malt, and rye are the chief. 

'^Typically, gin is grain spirit which has been rectified once or 
twice by the gin manufacturer, and tlien flavoured by actual 
distillation. with the junipor-berries and other aromatics, if any of 
these are used. Uciico one definition of gin which has been proposed 
is that the article is a spirit distilled from grain, doubly rectified. 
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and then flavoured by diatillatuni with juiii]HT berries and other 
herbs SoinctiniOH, however, the flavoiirinint nre M'lmrately dbtiiled 



FlU. 40 • STisAX-JACXETKD STILL 
Used tor the minuricturaof Kin (Blair, Cainpl»cll A MrLoan, UlaaKiiw) 

with a small quantity of alcohol, and the produet added afterwords 
to the rectified spirit. • 

By some it is considered that the rectification should not^bo so 
effective as to eliminate all the “ grain " flavour of the spirit ; but 
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it BoniiH ralluT ilonlitfiii wliothcr any ]>alatu (‘X(T]it a 
trained one aoiild Iw likely tu upiinriate tliis flavour in the prc'seiieo 
> of the pronounced eliaracter of jiini|M‘r oil and some of the other 
nroiiiuticH employed. 

Ordinary patent still spint flavoured with essential oils and not 
siihseriueiitly rectified is often sold as ^in. tliouf(h ohjecfion has 
heeii taken to this practice h\ what rniiy he called the orthoifox 
^nri inainifactiircrs 

The child flavoiiinif{s umhI other than jnni|H‘r include un|{elica, 
almonds, cnlainiis, carduinoms, lassia, coriander, fennel, grains of 
parudisi‘, li(|iiorice. orris, and tur]M‘ntine This lust is said to he 
used occHsionall,\ as a sulMtitute for th(‘ jumper It may he 
mentioned that a tormer jiruetiee was to Krind the jiim|)er herries 
witli the limit, so that they fornusl a purt ot tlie nmsh diirinff 
fenneritutioii and were distilled with it 

Makers of j;iii have their own social ieci|M‘s, and the various 
kinds produced have difTereiiees of flavour aceordin^ly 'I'iins in 
the West of Kn^Iaiid a favourite make is IM\ month ' f;in, the 
particular flavour of which is said to he due to tlie preseiiee of a 
little ether priHlueed by adding a sinull ijiiantity of siilpliurii* ueid 
to the spirit before reetifieatiuii The sweetened varieties of gin, 
c. g , " Old Tom," arc made by mixing sugar s,\rup or ' (.ijiillaiic " 
with plain gin 

Ihitcli gill IS known as Oeneva, Hollands, and Schnapps 'I'he 
name " Oeiicva " in tins connection is prolmlily ilcnvi'd, not lioni 
uiiy association with the Swiss city, hut from the Dutch woid 

jeiiever,” ineaning juniper (ieiievu is made from a mixed mash 
of malted barley, rye, and niiuze in more or less eciuul projiortions, 
the fermented wash being distilled in a jiot-still to form “ nioutwine ' 
or " maltw'iiie," which is .subsequently rectified and flavoured. The 
iiudtwine is made chiefly in iSehiedain, and sold to the giii-makeis, 
who rectify and flavour it 

K J I’arr} points out^ that in the analvsis of gin there is not 
luueh use in deteriiiiiiuig the '* secondary constituents of the 
spirit Except for the slight ** gram " character which is said to 
be desirable, gin is essentially ** neutral " alcohol to which the 
ehuraeteristic llavouriiigs arc added, and it differs in tlus respect 
from bruiid>, whisky, and luni. The amount of flavouring is a 
matter of individual preference. Even the kind of flavoiirmg, as 
well as the amount, is left to the judgment of the maker, subject, 
of course, to tlie condition that the essential character of tiic flavour 
should be that imparted by juniper. 

* " I'ooil and Drugs,” Vul, 1, p, 308. 
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Parry n'ln.irkn that it an (vtiuct nf tlu‘ >1111 lu‘ iihiilt*. 
as in the Allen Maiqiiurdt inetiuHl hut iihiii]; the li^hti's! iietioleiini 
ether obtainable, nintead of etirlNin letraeblonde. the taste of the 
residue left when the soKeiit i** alloweil t»» e^al^olate will afloid 
considerable infonnatUin as to the naliiiv of tin* essential oil iiresent. 
ff half a litre of the ^in Ik* so tieated. at least d •‘i ^I'oni ol the oil 
ean usually be obtained, and thw sufliees for detenniniiif! the 
H'fiaetive index -on the Zeiss biil> rounder for iiistanee In ten 
authentic sainples exaiiinicd. the lefinHive index was ne\er below 
1 dTod (at 20') and was usualh ithmil N770 With luipenlJiie, 
the \ahie would full to I 472-1 oi lowir 
(iin usually eontains from ‘)H to «10 )n‘ 1 ei>iit of alcohol l)\ volume, 
or (Hi :1 to 87 5 ]mt cent of jiuKif spirit In this 1 ouiitrx , the lepil 
minimum of aleohotie stieiiKlb, in noimiil times, is .'{.1 under fironf 
(til per cent of ])i oof spirit) . and a ^iKMl(|unlit\ )£ni will a])pro\imale 
to SO per cent pioof .stren)'lh In swi'etened jim. the siif/iir ma\ 
raii);efrom 1 to ti pin cut or so. but isusiialK about 2 to 4 penent 


1 \ KIM 

This beveM)!e has liceii delined as ' a spirit distilled direct from 
siigai-eaiii piodiietK m siikui tane ^rrowiii); loiiiitiies,' and the 
K( \al t'oiiimission 011 W'hiskx, etc , (onsideied Dial this delinitioii 
fiiiilx repiisents the nature of the spiiit which a piirdiaser would 
expeit to obtain when he asks foi iiiiii 

Kum Is a s|iiiit wlinh eoiitaiiis .1 soiiiewh.il hi);li i>ro])oitioii 
oi volatile adds, and owes its ehnrae(eri.stie llavoiir mainly to a 
mixture of esters, ehiel amoii); wlinh aie etini butyrate, formate, 
and ai'etate Free fi»rmie ueid is also ])re.sent. and tlie iliuonr 
ia no iloiibt ulb'ctetl to some extent b\ this ainl the other aeidH 
The rum impoitcd into (ireut Hiitain lonieH ihiclly from BritiHli 
(luiana aii<l the British West Indian JslandH, suialler rpiiintitiea 
being obtained from the Freiieh West Tmliea, lJuteh Uinann, and 
other countries. 

There are twii distinct types, one n*jireBente<l bv •Jamaica nim 
and the other by Uemerara luin The first tyjK* la Ibu resiill ot 
slow' fermentation, lasting from ten to twelve da\s, of wash prejiured 
at a relatively high apeeiHc gravity- -namely, I 078 to 1 OtJU. The 
fieeond is the produel of a rapid fermentation, which la.itM for 
thirty-8ix to forty -eight hours, of wash ‘ wt ” at a low HjM-eilie 
gravity— about 1 060 • 

To the Jamaica or slow-fermentation t}|K‘ belong the rums 
prepared in Grenada, St. Vincent, iliitigua, Donimiea, Si. Kitta- 





NovIh, and certain grades of Barbados and St. Lucia niniH. Other 
vari('ti(‘H of BarlauluH and St. Lucia rum, and iilfU) I'rinidad rum, 
are of tlu' Demcrara or quick-fi'rniontatinn ty])c iVurtiiiuiiie and 
(iiindclou|)o ruins iipfH'ar to ho chicHy of the slow -fermentation 
kind. 

Jamaica xnim.- in Jamaica, the materials used in the 
wash are (1) molasses; (2) skimmings whi(‘h accumulate during 
the purilication ot the sugar, and aro allowed to sour during 
storage ; and (.‘1) “ diiiider,'’ viz , the nisidue n*maining in the still 
attor the diHtillutum of the rum The.se ingredusits with water 
form the wash, which is fermented, and then distilled m a pot-still. 

The slow fermentation allow's of the development of bacterial 
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W nil iliiiilili* ri'torli .iiHl ( iiitili'rmcr. rnnimniilv iiieil In .luinoli a ninl WVi>t IihIiim 
(ni.ilr, I'aiiiplN-II iV M( liPan (ilasKow). 


action, m addition to the alcoholic fermentation produced by the 
yenstri, and this appears to be an essential feature of the manufacture 
of Jamaica rum This is esiiccially tho ease in tho pruduition of 
“rtavoured" or “Gorman” rum, which, as a result of special 
for mentation, contains a higher proportion of esters and other 
secondary products than aro found in the ordinary drinking variety 
or “ common clean ’* mm. The “ flavoured ” rum is largely 
exported to Germany, where it is used for mixing with neutral 
spirit in tho making of imitation mm. It may contain upwards 
of 2,000 parts of esters per 100,000 of alcohol. There is, liowover, 
no hard and fast lino betw^n this and the mm ordinarily used for 
drinking ; the two classes overlap as regards chemical composition, 
strength, and flavour. 
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Demerara rum.- in Uritiah Oniiiiiii, tho wnnh iisfd for 
the making of ])(.‘inerara niin ih pn^pan^l bN ililiiliiig molaK^cM with 
water to a specific graMt,\ of about 1 (Mitt It is ien<leml slightK 
aeid by the mlrlitioii j)f a little bulphime iieid, in ipjanlitx sullieient 
to set free iiion* or h*ss of the eombined organic iicnls, but not enough 
to leave any free sulphuric acid in the w ash The re»iw>ii for niuking 
tlie wash aeiil is to guard against oMe-wive propagation of biitync 
and lactic acid orgaiiisiuH, and to render it nii>re suitable for active 
alcoholic fermentation A little ammonium suljdiatc is sometiinch 
added to sitvc as ye.a.st ioini Thus in rum of the Demeiara tyjie 
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Wllli r< flirt, irtliflrr and Miiidriivr Ar (iinnuunlv ii-^'d In (in* (■iluiilr<' Tiii inukine nun 
and fitlipr-itrniit!4|iirilhfHlalr,Cam|ibrll A Mil^'an, filaciti^n). 

there is a rapid fermeiitiitioii, due almost solely to ye.iht nation, 
and the bacterial organisms are not allowc'd time to develop a])prcci- 
ably. Both pot-stills (or “ vat ’'-stills, a modified form of pot-still) 
and contmuouB rectifying stills are used in distilling Demerara 
mm. The proportion of si'condary constituents in this spirit is 
usually very much less than in the Jamaica product 
W. Collinguood Williams' gives analyses of a number of authentic 
samples of Jamaica mm, the results being summarised below Tho 
higher alcohols were determined by the Allen-Marquardt method, 
> J. Soe. Chtm. InL, 1907, £8, 499. 
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Jn tlu‘ ftilluwiii^ tilhic, 1 Ih‘ anal,\M'h uf n few inili\ iiliial saniplrs 
(.f tho iiliovt' oi(liimr\ nr <‘niniiion ilt'aii " niiti arc ^iv(‘ii 

as rci;aiils the Mccniiilaiv c(»iistitiii‘iiN anti ahti some atial\M's nt 
.lumaica iiiin liy ntlu‘i nliscrxcis 
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111 JaiuaicA nun the esters ore , nearly alxiaxs mure than the 
higher nU’ohnls as (Ictcrniined by the Allen-Marqunrdt ]>rocesM, 
and iiHually very nuieh more 

As ivgards IhMnerara ruin, Prnf J B. Harrisun. the ullicial 
analyst, reporU^rl m liK )4 that “ a nini yielding 70 t<i 80 jwirts of 
oaten (per lOO.tMIO of alcohol) may be considered ns a eharneteristic 
nun of the t\i)o known eoinmercially as Demeiara rum ” He 
gives the following figures i--' 

' Oazrttr, l)i<iiu>mra. Oot UUh. 1004 KMnicI No. 2,083. 
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Thus it \mII I)i‘ >n*ii thill tho IKmiutiiiii tvpr ol rum iIiIIith luiliihlN 
from till- Jamaira \aii(.'t v, ami luoit* )Mirtiriilari> in its low projiDrlioii 
of cMri" 

Allah sfs oi .MnitiiiKpir rum an* pivi-n li^ Homs.' aa iollowa 
The lirst four wore coiisuh'nd to be of aiipiMior f|ualit>, the lU'xt 
two of aMfiige grade, and the last three of low (|iialitv 
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'I'he fixed ueidr, ranginl from 0 37 to OOo pel mil , exii*]it in the 
first samjile, whuh showed 2 2 ikt eent It will he not<‘d that in 
these examples the proiKirtion of higher ah ohoh is iiHiially gn^ater 
than that nf the esteni 

As regards other varieties of rum, J. Sanureiis* gives analyses of 
a nuinljer of aiithenUeaUHl samples, anil also the results obtainf'd 
from six samples of “ artificial ” rum. The maximum and uiinimiiin 
figures art' summarised in the following talfle 


‘ Ann FaLnf.f 19U9, 12, 321. 


* Ihid , 1»I3, 6, 48H. 
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The quality of ruin is ucnrrullx coiiMdon-d to di'|n‘nd luim‘I\ 
upon llin cstors, Init tlit* ollici MMoudary coiistilmnits arc also 
iiiijHirliuil, especially the acids According to Williams, the 
])rui)ortiou ot esters is not an ahsohite mc.'isiiri* ol qiialitv , hut, 
geucrally speakin/^. the liif^her- priced rums contain hi^diei pro* 
[lurtiona ol esti'is A high pro jiort ion of aldehjdc'i is considered 
by the same writer to ha\e a deleterious i ilei-l iipun the llavimr, 
nullif>iiig*iii soiiiu degmi the iiillueiiee of the estiMs 
To detect formic acid in rum, the ^ample should he made shuhtly 
alkaline \iith yiKlium h}dro\ido solution and exaporated to near 
dryness Thu residue is then dissoUed in water, trnnsleired to a' 
Husk, ueiditioil with phosphoric iK-id, and distilled (hi testing the 
distillate with ainmoiiiaeal solution of silver nitiat^', or with mercuric 
ulilondu solution, reilurtion is obtained if formic mid was jiresent 
111 the rum To distinguish between the free and the conihiiied 
acid, the .sample should he earefuUv neutralised, the esti'rs distilled 
off and liydrolysed, and the two jKirtions evaporated and treated 
as above described 

H. Fineke^ bus found that Jamaica rum eontaiiis t) 0033 to 0 0050 
gram of free formic acid |ier 100 e c , and 0 0033 to 0 0044 grain of 
the acid in the form of esters That is, there are approximately 
equal quantities in the two forms In ortilicial rums, he found 
the corresponding quantities to be: --Free, 0 0027 to 00200; 
combined, traces to 0 0048 It is suggested that this difference 
may bo an aid in distinguishing between genuine Jamaica rum and 
artificial rum 

Imitation rum •or Artifieial rum *' is made on tlic 
Continent, ehiefly in Germany, and to a small extent in tfiis eountry 

‘ ZfKwA. Nahr. Omiunn., 1913, 26, 689 
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for exportation purpoH 08 Tho Curtoins authorities distinguish 
lK)t\vi>oii “ nim.’‘ " rum from Janmiea," and “ imitation rum 
and entries of iinporterl spirits as "nun ” are not >u'ee]tteil if the 
spirit eonies fi-oin iiorts in eoiintries uhen‘ tlie siigar-enne is not 
grouii, unIcRH saiisfaetory evklenee of its haMiig lHi*n manufaetiired 
in a eane-grotting eoiinhy is pnaliieeil 
tmitatum ruin may not he blended in tsind with gi'iiuine nun for 
lioine (‘onKuin]ition, hut is allowed to lie fio nnxi'il for exportation 
Tlie imitation rum is maile by flnvounng and eolouring patent' 
still neutral spirit, jirmlneed from grain, lH‘et, or potatoes, witli 
aititieial esseiiieN "Flavoured" .lamaieii rum uith high ester 
eonlent is also eMi]i|o\ed to give boiiie little Maisimililudo to the 
imiliitioii product. An esspnee iniieh used is prepared hy distilling 
a mivliiie of stareii, alcohol, and enide acetic and ailli inangaiieKo 
iIiovkIi* and sulphuric acid The flislillnie eontains formu* and 
acelu e>tcrs with alcohol, fiee adds, and prohahly other producta 
of (lie oMdatioii , it is I oloiired idth caiumel if rcipiinxl, and mixed 
with sdcnl spirit in the de.sirtsl proportion 
The tollouiiiiT aoiil>ses of factitious mm siippliiwl to the \Ve^t 
Arne, 'in (Vilonics were made in the (j|o\ernmeiil hahoratorv 
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V WHISKY 

Some xears ago there xias niiirh disiussion of the rjiieHtioii, 
‘"What IS uhiskv ' " and a good deal of evideneo \ui.s taken on 
the point liefore a Koyal (’ommisKion, uhieh iaaued its report in 
the year 1!N)0 ^ One contention woa that whisky mule bo distilled 
in a iM)t-still, since thia was the original method of distillation and 
at one time all whisky was made by this pnK'ess Moreover, the 
secondar}' eonstituentr, which difTerpiitiato whisky from " neutral " 
or " silent " spirit, are lai^ely eliminated by tho iiatent'Still Against 
this it was argued that historically the ratent-still iX'preHcnts an 
evolution from the primitive pot-still, and had long lieen used for 
the inaiiufacture of what has been lecogoised both by the trade and 
Report, Cd. 4700. 
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CHAP. 


A? 

the piiblic nn whiskv; that in (iTtain iliHtriclrt patont-Mtill Hpirit 
hy itNolf IS and sold as u'liisky ; and that a ]ar^(‘ |)r(»|i(irti()ii 

of the \\hisk\ of coiiirnmT in. in fart, a lilriid nf pot- and patient- 
still spiiil OthiT (|iirHtioiiH also arose in ropird tr) tho admiasiblr 
inatrrials , whet tier, for exainplr, Srotrli whisky ouKht to hr iiiado 
i‘iitin‘l\ from malt . uhethrr mai/.r is admissible and whether 
spirit distilled fiom pota.t<M\s eould properl\ be n'pirded as whisky 
The Coiiimissioii was unable to ns-ommend that the use of tho 



Kic. ♦:? - sn w-JMKi-iin rorsiiii. 
will) rrliirl, ii'itiHi r nnil iai.iir, i'.itii|ilifll A Mi I imii, liln*>KiiMl 


word wliisk\ " should im* mstneted to spiiit maiiufarlured b\ the 
|)ot -still proerss They Hive their rettsons ns follows 
“ The evideiiee which we m-eived shows that such [patent -still j 
spirits have been frequeiitlj descnlx'd as ‘ whisky ' by distillera 
and traders since the |iatoni-still came into use , and that for many 
years a section ot the public, |inrtieulurl\ iii ])arts of Scotland and 
In'land, has ieco};nised patent -still spirit without admivture under 
the name of whiskv, and has piirehasiHl it as whisky, no attempt 
biMiig made hy distillers or vendors to concetd the metluMl of distilla- 
tion. Moreover, spirit produced m the patent-still, as w'c havo 
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shown, has Iphj; Ikmml miplnusl for hlciidiii^ with or ililiitiii^ Mhiskii's 
of ili(T(‘n*nt chiimctiT niul thstiUrd in difTi'n'iit forins of stdl This 
Ini'! Ihtii Iiy far its usr. and inohl ol tin* uhnkv now sold* 

in tin* rnitrd Kingdom (ontains in ^iralcr or Irs«. dr^riT spiril 
which iias hoiMi ohtaiiM'd h\ |inti‘nt *dill distillatutn 
“ Akuiii apail from Uu* fad that |io( **till>* dillrr so niiicli (hat a, 
coinpiclu'iisivi* ddinition wtnild he dinimlt In fianu' without iMthcr 
oxrliidin^ r-citain t\|irs of dill whn-h arc now commonly n'^nrdi'd 
as pot stills, or ill) liidmi! oIIut t\]M‘s aIih h arc not iicwi looked upon 
as lci;ilimati‘ \ariations of the pot still, llicic arc strong olip'i tioiis 
to ]i.'im]icriiii' the de\ clopmcnt of an mdiistn l>\ .st(TcotviMii|{ 
piiitinilar forms of apparatus 

rmall\, we hti\c lefcneil no c\idcncc to show that (In* lorm ol 
still liiis nii\ ne(‘es<<iii\ iclatioii to tin w holcsomcncss of the spirit 
pioiliieed 

'i( Vs ne.irds (he malcnals. it appealed t 4 i tin* ( 'ommission tlml 
whisk \ as a (ommcicial piodmt is rcj^aided both hv the inanii* 
1.0 tuii rs and h\ the public as a spiiit madi* iiom no other materiala 
thiiii iiinlt and uniiiidted }!r.iin , ami it is as a mattei of foet so 
ma'h* ni the jin'senl tiim* 

The ueiieial lomliision .mixed at was (hat whisk\ is a "spiiit 
<ih(. lined hx distillation tiom a mash of <eieal Kiaiiis siecliaiitieil 
MX the diast.ise of malt , that S<otih xxhiskx is wliisky as above 
di lined, (iistilled in Scotland , and that lush whisky is whiakx. us 
alHixi> delined distilled in Ireland 
An interesting outline of the history manufai tine, and techmeal 
treatment of whiskx is ^ixen by tin t'omiuission in their rejiort 
winch should be I'onsiilled for fuller details than can In' ^ixeii line 
Some of the i hief iHiiiits, howexer, aie nuliidifl in the deseiiplion 
given below 

History. 'I'he enily history of whisky ih .soiuexvhat iinefTtaiii 
The ohjeet of (he original iiianufaetunTH of aleuhol was in all 
pioliahilitx' to pioduee a stuiiuliud only Hence tin* uh-oholic 
lupiid wliieh thex olitained waa iiaiiiefl, aeeoiiliiig to the language 
of the dilTerent eoiintricH in winch it was inanufuiturwl, " Rrpia 
vita’.” ” cau de vie," ‘ uiaque-beatha,'' ‘ usquebaugh etc , all 
meaning the same thing, namely, “ water of life " 

Rut in I'ourse o^ time the udviinee of civilisation demanded a 
specially (laxouml spiiit rather than a mere Htiiiiiilant ami ii is 
only natural that the maniifaeturers in dilTetiiit toiiiitneH, .staiting 
an they would generally with ilifIciciV niateiials, should hax'e 
pmdueed spirits of special flux ours more or lefui ))ccu1iar to the 
uountry or district of origin. In the grata’ -grow mg countnes, 
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spirit was producofl from wiiio ; in the iiorthrm countrios, whoro 
thn vinn is not largely cultivato<l, spirit was produced from 
' grain. 

Thn date at which “ aqua vitffi ** was first made in the British 
[sloH is uncortain, hnt in Scotland the manufnoturo of* spirits was 
a subject for legislation as early as the sixtranth century. Works 
on " distillation," puhlishicd in the seventeenth century, show that 
the method of di.Mtillation in use at that period was not es.sentiully 
different from that practised in th<‘ jHit still distilleric-s of Scotland 
at the presi'nt. time 

MxtraetH from statutes H<*em to show that aqua vit.e " was not 
the exclusive product of malted harley, Init that other Mibstances, 
such as unmalted grain, wen' also iimsl in the earl,\ da\.s of distilla- 
tion in Scotland The Kiigiish statutes ]ioiiit to the same eonclu 
sioii III th(‘ year IHIt2 an Act of ParliAincnt was pa.sscd, prcsuinahh 
owing to fear of scarcity during the eontmuance of the Xnpuleonic 
wars, expressly prohitiiting tlic distillation of spirits from any kind 
of gram 

' The term " wliiskj " is not used in any of thc.se statutes, niul it 
does not seem to have been emploved until the latter part of the 
oigliteenUi century At that time, it was iiiuloubtedly sMioiiymoiis 
in Scotland with " uipia vitse " It is interesting to note that Robert 
Burns applies to the siime subject the tliiee tenihs "aqua vitie," 
" usqiit'hae," and " wlii.shy " 

Materials. Coming to mon* leceiit times, there aie evcise, 
records from the venr 1H27 onwards, which show tlint iii Scotland, 
ill the years 1827 J), w'heii jiot -stills alone wen* used, the quantity 
of spirits nin4le from mixed iiialt and gram was onl\ a little less 
than the quantity made from malt only But it becuiiu* much less 
ill suhscipH'iit years, so far iw the jnit -stills were coiieerned A 
siiiall qiiaiitit} of sugar ami molasses was also emploved. about the 
iniddlo of the lost centiiry ; but since then, with the exc'cption of 
one year (1887), the Scotch {lot-still distillcrii's apjH*nr to have u.sed 
only malt, or molt and grain, the quantity made from malt only 
Iwing always largely in excess of that made from the mixture of 
malt and uiiinalU'd grain In recent years wherever the pot-still 
process has been exclusively employed, molt only has licen used, 
and jiractieally no materials other than malt' and unmaltcd grain 
have been used in either jHit- or patent -stills. 

A largo majority of the Insh ]H)t -stills have always pnaluced 
spirit from a mixed mash o{ malt and iiiuualtcd grain. Tlie quantity 
made by them from malt only has always been small in comparison. 
No other materials than malt and unmalted grain have been used 
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to any Rrvat oTtont in the Trwh ptit slilla, or inilotMl in Hie i»atonl- 
stiJlH, (luring llic last fift> y<‘ars 

The iinnialttHl israiii emplnyerl in making whisky iiu-lmh's harley, 
maize, oats. rye. and wheat For the niannfnelnn' of jmt-htill 
whisky in Seotlaiid. Iiarley malt is geiit^allx llie only material 
employed in the mash . hut in the Irish pot-still distilleries, with 
few exeeptioii'. a mixture of barley-malt and iinmalted barley, oats, 
wheat, and r\e is employed, mai/.e iMMiig genera ll\ exi'liided Tho 
]iroporlioiis \aiy. with the \iew of obtaining ])nrtienlar flii\ours 
in the resiiltinir whisky , but it iiia\ Im* taken that geneiallv four- 
fifths of the whole minh eoiisists of barley, malted and imin.ilted, 
and that the lemniiiing one fifth is made up of oats, wheat, and i vi*, 
in pioportions deereasing m tho onler of enumeration 

For the /«///■«/ still ])roeess. the materials iMiijiloyeil in the inasli 
are miu li the same in both Scotland and Ireland They are sideeted 
from mall, maize barley, r\e (malted and uiiinulted), and oats 
The )irense proportions in which the\ an* used \ary in difieri'iit 
distilleries with the objei t whieli the distiller has ni \'ew Tims 
111 oneSeoti'h <listillei'\ the nnsh was made up ot *jr) per cent mall, 
72 per <'»>nt nfni/.e. and it |m*i is*iit oats in anoth(*r ol ittl per cent, 
malt, ito per rent rvi*. •ind 4()|NU‘eeiit mar/e In one lrislMliHtiIIer\, 
it lofisisted ot Ito |ier eont malt and (m jut cent of a mixture of 
hailev and m.ii/e , in another, malted barle\, ru‘, and maize wen* 
us«*d III till' proportnnis of 2S IM», and IK) per will , ies|)e( li\e]y 
Mai/e IS verv exleiisi\el\- used holh m Siolland ami Ireland, in 
the patent still process Malted r\e is al*>o used in the iiniHli m 
some paleiiL-slill distilleries, it Im'iiil' « «»iwidi*red to im]»rove the 
“ l)od.\ " of tin* whlsk^ 

Distillation. 'I'he general o|N‘iutioiis of clistilliition have 
already heen d(serilK*d in Chapt4T II, but Home further ])ointa 
bearing more csjieeinlly upon tho jirodiietion of whisky may ho 
inontioiied here, or reeapitulatfsl The Hiiupleat varieties of the 
pot-still are to be met with in Scotland, having long necks, but not 
otherwise furnished witli any h]K*eial means to soeurc redification 
of the spirit. Other [lot-stills, however, are in Ireipient use which 
are provided with pipes or eirc'iilar vesHcls fitt4*d lictween the neck 
of the still and the eondenser, thus increaning the imwer of rertifiea- 
tion Such stills are in olTeet,’ iiitermcsliate lH*lweeii the Hiinplc 
pot-still anil the patent-still As n*gaFdM moile of heating, homo 
are heated by direct fire, others by steam pijies and Hteani jaf’kels 
It ifl held by some distillerh that this differenee of heating is important 
in respect of the character of the whisky produced, in that the 
open fire causes a charring of the wash, and thus odds cmpyrcumatic 
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Imdirn to Okhj- ulinidy |m‘hfiit OtIwM, h(nv«‘viT. rontciid thiit no 
dilTcn-iicr w to Iji- dt*lrrti-d in the whwkx (ddiiiiMMl. whclhrr .^tcain 
oi dirr<'t tins Ik* <‘rii|»lovt*d 

In Srotland, t\v<j dintillnlioiis arc coiinnoidx ri‘i|iiiiod ioi i)n‘|).iring 
pot-Htill wluHky from the wash The* lirnt liikcH ])hi( « in tin- ' wash 
still. " all the aleoliol rolloete'd m (»n(* distillali*, tei hnnully 
tenneel “ hnv wines.” together with WM-ondan couhtitiieiitH and 
some wnt<*r The low wines are iedis1iih‘d fr»)m .i smaller still, 
and (ollected m three fraetions. (I) “ fon-sliots " (2) the e lejii »)r 
limshed whisky, and (:») ‘‘feints” 1'he hneshots and feints are 
eolleeted tiiKether and nsh^tilled with the next ehai/'e of low wines 

Till* judi^iiH-nt and e\{NTienee oi tin* distilN-r determim* the 



Kn! tt 1*01 Mini, Mill iHio.n mimm' 

wall iiaKtl, |l•lnl)l<l, w I«li lll'l|l•r.lnanllllll>lM•i (lll.ilr «'.||||||I>||| .V Ml |,IMII I.||■.|:„WI 


point at whieli the eolleetioii of fnreshots is stopperl, and thnl of 
whiskv enmineneed. and, simihirK. that at wliieh the Litter is 
stopiM'd and the i-olleetioii of fi-ints hejiun The* stronKih at whie h 
the whiskv fraction is run is i;(‘ne*ra11\ almiit 11*“ tei 2.”>^ o\er preiof, 
111 some* Si'oteh diKtille‘rie*s. he»we‘ver. the whiskv is prodiiee'd in 
thn*e* distillations , the spirit is them run off at 4ir to 4.'»® eivor 
pnmf This iiraetiee' is verv ife'iieral in the faiw lands 
Thiee elistillatioiis ap^iear to hr iiniversallv praitiM'd in lii'land 
for ohti\ininji[ pot-still whiskv and the* methiNl eif eolhetin^ frae- 
tions is somewhat mow eoinpIie*ate*d than with the Seeiteh preiee'M. 
Stronp low wines and weak h»w wines stroiif; feints aiiel weak fe'iiits, 
are eolleeted, niiel preihahl}* different piaetiees obtain in everv Irish 
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(1iHtilIrr\ T)i(> whisky fraction is usually run at ji Iu^Iut strciurtli 
than ill the Scotch prot'tlco. nuinch. from ‘Jo' to oO' oxer proof 
Maturing. The ilavour of iicwly-ilisiillcil whiskx is crude 
and unjilcasniit Tina pnrticiilarlx the ease xxitli pot-stdl whisky, 
winch I ontniiis more of the secondary constituents than the ])ateiit 
still ]irodiict hy storn&;e in wiNidcn casks certain chatifSi's an* 
hiouirht about in the clinra(‘ter and anioniit of the M'coiidnrx (‘on 
hiituciit*^, with the result that th<‘ lUx'oni h improved This 
proiess In “ matnriin; " it is effcctiHl more readily m tin* patent 
still whiskv than in that from pot -stills xrliich is ollen stored for 
ruiiiix xe.iis m wooil (‘ask*« which haxe ]iic\ioiisl\ hehl sherry 
are lre(|nentlx u-ed foi the purpose, and new casks sometimes 
ii'i-j-ivc a preliminarv triMf ineiit with a swisd wine hefoie heme 
emploxed foi the malnriiie of whiskx Much the ercatcr ipiantit x 
of the spiiit, howexei. is niutiired in pkiiii woial Th(‘ (hiuniud 
» h.iiiees which ocelli during storaee will la* dealt with later (p l.’iJ) 
Blending. H\ this term is meant th«> iiiiMiie of two or moie 
dillcreiit whiskies 'rhc.se max he all pot-still prodiicls hut more 
Hi’iiiTallx aic mixtures of patent- and pot-stdl spirits In the 
hist (nse the ohject of hlendiiifi is to preserxe uniformity of 
eliaiailM m the se<oiid to ohtaiii a iiiildei iiioie uniform, and 
aK.) a ihe.ipei piodint than is furnished lix pot-stdl Hjmit alone 
'I I'o pioiioiiiieed IhiMMii of' M>|f whiskies the niihhmded piodiiets 
of iiidixidiial distilleiies suits the taste of compiiiatively few con- 
siiiiu I- whcicas the hhnd ap|M‘als to a xerx mneli larger numher 
,\s practised in Sentland, the hlcndin^ of pot still and ]mtent-Miil 
whiskx IS toi the pnr|K»se of producing two diHtmet elasHes of 
spirits (I), mihllv flaxoiired whiskx of ]»arlicular eharaetciH 
and good ipinlitx and (2). a cheap hut palatahlr xvhisky Ah 
regards the latter, patent -still spirit coats lesa to maniifaetiiic than 
])ot-still spirit, and if inixeil with immatnie |K>i-Htil1 whiskv which 
1.H iiatnrnlly chcaiK*r than the fully matured article the unjili'iiHant 
taste Is toiM'd down, so that the inixtiire lH>(omes inon* ])alatahle 
The tir<j|K)rtion of ]Kit -still whisky m these ehi'np hlends cicpendn 
ehiellx upon the price the eheajM'st niiiy eoiitaiii iih little uh Id per 
cent , or lesa 

Classification. —ror trade puriM>H<‘H iSeoteli whiakicH arc 
uHiially divi<lcd into five clnsHeH, viz : (1) Highland malta , (2) Low- 
land malts , (2) (‘amplM'ltowni^ , (4) hlayM, and (ri) (fraiiiH, the Iasi 
denoting ]Nitent-Htili whiskiea The lirat four are nil whiHkicM made 
from malt only in iKit-stills Uccaaionally (;i) and (4) are elatwed 
with (1), and (1) are Homctimea aubdivided inU) Speyaide and 
. North Country whiskies. 
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Tlio T[if;hlAnrl malt. whiHkim are inainly prmlurod in the rlistrict 
on thn mainland 1>ing nortli of an imaginary line drawn from 
Dundee to Greenock, the fiOwland malts south of this line The 
Campbol towns are distilled at the southern end of the K intyre 
fieninsiila, and the Tslays in the island of that naim^ The Groins 
are mode in the district lictwocn the Firth of Forth ntid the Firth 
of Clyde Tn the curing of the malt tnon> ]>eat is iisetl for the Islays 
than for any of the other cIahsch, and more for the Ifighlniid than 
for tho Low'laml Malts. Peat is not employed for curing the malt 
used in preparing the Groin whiskies The fslays ])OKseHH a notable 
jH‘nt flavour; the Highland ninUM are less stronglv peaty , whilst 
the Lowland mulis are leas fnll-tlavoured, and the Campbeltowns 
not so fine in charaetor. 

fnsh whiskies are not clossilied m a similar manner The “ self " 
whiskies are irsually sold under the name of the distiller or distillery, 
blit the greater proportion of bottled whiskies is hleiided niid goes 
either by tho name of the blender or under snim* funeifiil deK(Ti]>tion 
Tho Irish pateni-siill whiskies, howovcf, os in S(‘(»llnnd, oro sold 
under tho ii.ime of ** grains’* in the wholesale triidf^ 

Constituents. The primarv (‘onstitiieiil of whisky is et)i\l 
aleohol, but the eiiaraeteristie lla\our is due to small ((iiuntilies of 
by-pro(hiets or “weoiulaiy eoiistitmMils *’ priMliieed during the 
processes of malting, fermentation, distillation, and matin mg 
These seeondurv hodies f.ill into the groups of acids, aldehydes, 
esters, and higher alcohols which are ordinarily (‘stinuitcd m aimlyhi's ; 
but, in addition, there an* other siihslanees ]>resent which f)iiit4‘ 
prehahly alTis't the aroma of tho spirit 1'hiis Schidrowitz and 
Kaye,* examining now pot-still wlii.sky, uhtamed distinct evidence 
of the presence of pyrisil, phenolic, bodies, an alkaline substance 
(probably an ummoniiini salt), hydrogen sulphide, and siiljihiir 
dioxide 111 dilTereiit w hiskies They had also rea,son to 8iis|jcut the 
pri'seiieo of traces of nitriles, but did not obtain a ]x>Hitive identifica- 
tion It was presumed that theiw' various bmlies, so far as they are 
preducts of dry distillation, wi^re derived from the pivit and enko 
used in malting, or from the action on the malt of the hot gases of 
the inalt-kibi. t^mall quantities of volatile nitrogenous bases may 
also be present, Moreover, small amounts of sugars, acids, and 
colouring and extractive matters derived frein the storage-vessels 
may exist in whisky, as well as addiHl colouring matter. 

As reganis the nitrugenoua ImnLcs, Seliidrow'itz found the following 
proportions present in tirenty samples examined by the method 
given below : — 


> J. Soc. Chm, Ind., 1905, H, 586. 
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NiTKtH'.KS L’OMnil'NItN IN VII(ISk.\ 


Sidich \thiiiku*s (iii'w) 

Hii'liluiiil MnllH (II HiiiiijiUk) 

]j(iwluii(l (3 „ ) 

('iiiii])b<‘lluuii4 (2 „ ) 

(iiiiinh (4) ) 

A.miri(.'(Uk rjf*' uhNkifS (.1 


< Sriiiiih JUT IIH) Iilh 1 
nlMinliilo iilrohol 
(('fill llllllril HH N'H, ) 
0 Oil to II III 
II 11 .. ii:ui 
IHIH „ II U 
II 03 0 14 

siini|ile'>) II 2ii „ U ‘.III 


Method. - - To 20 (I <* c of the whisky. 0 2 gmm of tuilaru* lu'ul was 
aclilod, anil tho wlmli' ovaporutcd to a Ninall hulk Thr rrsiilui* 
was tiaiisfiTR'd to a .small (iask, math* ulkalim^ willi caiistio nlkidi. 
and IhiMi diHtillnl with steam 'J'he diKtillate was apiin rendered 
aeid with tartaric acid, exaporated to a small hulk, transfeired to 
a Kjeldalil n]ipnraliis. and tn'Uted iii the usual nianner with stioii^ 
sulphiine acid and potunsiiim sulphate The ultimule distillate 
was Neshleiised 

A lame luiuiher of analyses of whisky will he found ill the evidence 
laid befoie the no\al (VuniuiMsioii Some of these are meliided in 
the seh'ition fjuen hereunder The methods ol aiial\ us used in 
e\uniinm^ whiskx aie f^iveii m detail at the head of this section 
()ip UHi \‘*:\) 


.SniMis iiioM exirsi-sriM. iiisfiLia-.Jui:s > 

S<‘iniiilHr) (l•lHlllu«‘lltH (Mf; ]H‘r lOU 0 (’ 
uKuluto (ilcoliol ) 


Viilatili Aliie. llmlii-i 

(Kill bulb's. KMitm nli'iholH Kuifuiiil. Totiil. 


Sciilrli 

1 Xiw 

1 i| 

till 

30 B 

311 tl 

ml 

HI 3 

2 

I M 

4 7 

41 1 

07 K 


14ft ft 

3 !! 

3 S 

tiai i> 

2‘J h 

14 0 


to II 

1 3 riKniiliH 

:» j 


4ft ti 

42 0 


02 K 

ft >« iirH 

i.'i a 

14 I 

41) t 

HI 3 


1B7 1 

II 7 

lUti 

lUH 

:ift 1) 

21 K 

0 1 

HII7 

7 7 .. 

30 u 

lJU 

47 0 

20 1 

03 

117 2 

Iririli 

H New 

3ft 

tnui* 

12 2 

23 0 

ml 

43 7 

9 7 yi'MB 

too 

33 

22 S 

07 H 

0 3 

1242 


' AiialjiN'd in the l(0\primi('iit I^lsiiatoiy Hiaber oIimiIioIi by colon- 
metric proc***. 


Other jNirticulars of these spirits may bo summarised as follows. 

Alcohol.— From 5C 7 to 69 8 ))er rent by volume, -- 09 4 to 
122'4 per cent of prpof spirit. 

Total solids.— From 0 002 gram |ier 100 c.c in No 1 (stored in 
vat) to 0 029 in No 0 (stored in plain wood cask) and 0 424 in 
No. 7 (stored in sherry wood cask) 

Ash,— From 0 001 gram per 100 c.ot in No. 1 to 0'0fl3 in No 0 
and 0016 in No. 7. 
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Total acid. Miiumiitu 0 0012 j^rani pr r r in No 1 (calni- 

IfiO'd iiN iuclM' nnd) , maximum 0 0;0>0 m No 7 The acnl is 
< liiolly volatilr ucul 


Si'iiins riwiM WIT sTiM. JUSTii.i I mm 


S L‘of Illary rijiHliliioiit <4 (M^ jn'r IIMI f c 

Ilf tihsnliilr iili'iiluil ) 


Diiliirl 

\(P> 

Vdlatilr 

lU'lfl 

Aldi-- 

Iiyil4‘ii 

KmOts 

lllirlllT 

nil llhlll>4 

Kiirfiinil 

'I'lit III 

S|M‘yHiili> 

New 

III fl 

0 2 

77 4 

*07 2 

2 0 

.11 .30 


II VFH 

52 2 

1IM) 

03 0 

472 I 

1 <1 

030 7 

fliiiin 

NVw 

iJ? 

a 1 

02 2 

*714 

2 0 

.1,1.1 1 

Ihlny 


r>:i ti 

32-2 

‘11 0 

371 4 

1 0 

5.1(1 1 

ino 

21 h 

03 K 

451 li 

1 2 

V'.O * 

,, 

7 JIH 

;io 1 

41 li 

02 0 

100 5 

3 (1 

027 S 


Niu 

17 0 

33 ii 

72 0 

*10 0 

3 .1 

.'•37 '1 

, 

4 VI- 

:i7 .'i 

31 H 

HI 1 

153 0 

3 3 

lilO 0 

tnsli 

Ni‘u 

a.*! 

riO 2 

102 S 

522 0 

3 1 

0K2 0 


(I VI- 

a2o 

.0.1 U 

NO 1 

771 ‘2 

2 0 

<M<I 0 

H ■ 

\t*W 

42 

7(1 

13 0 

701 7 

1 1 

727 0 

1. 

» }«. 

21 0 

1!! - 

3.0 (i 

7S*I 0 

1 1 

S.'iN 0 


Other imitieiilarM of tliiw Hfjiiita are 
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Alonlinl , 

50 7 

piT I'l'lH hj Mil 

HO «i 


101 (1 

, pllinf 4piiit 

1.12 3 

Tii(al hiiIhIh 

U 002 

0 is.l 

AhIi 

. . . UOOl 


(Mils 

\iMiliry 

as H(H'ti(* ttciil) 0’U02 

.. 

0 010 


The aridity uutii mainly, and in Mime uum's eiitireh , dm* to volatile 


arid 

A eomjMinsoii of the foregoing aiiuljM's shows verv elearl^v tlie 
broad dititirution lietweon the “ pot-ntill ’ and the “ patent-Htill 
spirits Then* is always a much larger amount of the sei'ondnrv 
eonstitiien1.s in the pot-Ktill spirit 

Speiikiiig gt'iieralU, the jiropnrtiun of everv one of thi* secondaiv 
constituents usiinlly determined is greater in the " pot " tlian in 
the patent ’’ spirit, hut the most marked dilTereiiees are iii tie* 
higher alcohols and furfural I'atciit-still spirit contains no fiii final 
when new, although after storage iii womhii casks it is sometimes 
found to contain traces of this substance, but always in much snialh*r 
amount than in |)ot-stiU spirit, fnun whicli it is nevci al)s«*nt 
1’he low pro]X)rtion of higher alcohols and the absence of all but 
men* tra<*ea of furfiinil render it a eoniiiarativcly easy matter to 
dintmgiiish ‘‘patent-" from “pot-still" spirit Jiut the violation 
ill the ainoiints of the sorondary eonstituents in both (lasses of 
spiiils makes it less easy to estimate the exact proportion of each 
kind of spirit present in mixtures. 
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f*nin|)nriii!r tlu‘ po1 -still whUkii's niiioim tlicmsf'Ki*'', it will l‘o 
oliMTxril that tlii'ic aic nniMdiTalih xaii.itintis m luith tli«‘ total 
aiiioMiit .111(1 111 c.uli niiiMiliu'iit ol tlio •‘f( oiul.ii \ IuhIu’s The 
iSt'iilcIi wlii'^kich ^('iKTiilly slinw a soiiu'wliat loos total aiiioiiiit tliiiii 
the Insli. ami tlio S|i(‘\sulo. HuiilTshin', nml lii^lilaml saiii|»l('s 
liuxu u rather smaller umoiiiit than the Ula\ ami ('aiiipheltowii 
spoeiiiieiis The latter, as well us the lush s.imples. are iiiainh 
“ lilemlnii;.' as ilistiutiiiiohed fioni *' uhiskieo 
The (lillereiiees hetw«‘en iiexx and old pot still wliiskies so fur as 
shown lix aiiahsis, aie iiiainh in tlh* imieast'd amounts oi the 
vuliitili' aeuU and .ahh'lixdes, and tt» a less extent of the esters, loniid 
in the old spirit win n stored in wooih ii casks The hijiher ale(»hols 
and fiirfiiial show ielati\el\ niiieli smaller ditfereiiees 


(111 MIX iiMiiHin feiTiNi srrii.) siniins oi iiii.ii snoNuiii 

S<<< I •mstiliieiitH (M|» [M‘r UK) r I ef 

iih^dhili' ) 


l)t K I l| III) III 

null'll, fonii Cnnii 

„ Mi. 1,1".' 
Kill) mu illaiuliiii^i 
. (St) Hill) 

(II her partieiilais 


\ l.lllllll' 

. \l«li 


Ihuh) 1 



II III 

IimIi •> 1 

Mi’ih 

iili'iiliiils h'urfiinil Tutiil 

1 J 

loll) 

11 1 

1*1 1 * 

ml 

. 1.1 

1 1 ! 

•1 -i 

TT 

0*1 (1 

„ 

T.'i 0 

1 1 

ml 

.» ."i 

10 1 

„ 

17 1 

1 2 

“ “ 

* 

KI 7 

" 

01 .1 

) 00.5 

|H'l eellt 


vollinie. 


ll’ihli to 


lOnO ]K *1 rent of ])roof spiill 
Total solids. I’Toin 0 fH):i to 0 Ol.-) Kiaiii |h*i IiMI e e 
Ash. 1HMI2 „ 0 010 

Total acid. .. oihhki . ootKio „ 


These spirits it will he seen, uie of iniieli liigliei al* oliolie stieiigth 
than Ihosi- in the two foiegoing wiiiv, and (oiilain iii general still 
less of the seiondarx const itiierits than do the patent still whi'^kiea. 
The\ are not iisualU stored in wmideii (asks, hut in metal linimH or 
vats, and aie mu'd niainh for tethiiienl ami industrial piiniowa 
They arc often of very grout purity, although generally iimde fioin 
inolasMi'a, potatoea. and beetroot-sugar resiilnofi, or other inaterioli- 
not employed in inakiiig upiritH mtenderl for eonsiimptioii in this 
eountr} 

Onlinarv publie-liou.se whisky, aa M»kl in the working-i htHs 
neigh liourhoudf) of the pniiujial lowna in the United Kingdom, w 
usually Cither patent-stdl spirit, or a blend of ])atcnt- and pot-atiU 
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Mpirits (■ontoiniiiR not inoro than oiie-thinl of the pnt-fltill variety. 
Out of til HaiujilcH |uirOinw(l and oxainined oftirially,* 

Nivtfrn wen* iuljudf;4‘d to be }iio>»nh1y entirely pnteiit-fltill spirits ; 

Tliiriy-six were considered bi contain not more than 10 per cent, 
of pot still spirit , and 

{Sixteen ctmtained not more than one-third of the p(d-atill produet. 

Only lime of the samples were dmncil to 1 m* ]ir()hably pure pot- 
Hlill spirit ■ tliesi- weie all obtained from Ireland, and formed 
30 pel cent <if the total numlM*r (IlO) ])urcha<M;d in that eouiitry 

A few of the aiialytws are ap|M'nded (p 44!l), as reganls the 
secondary constituents 

'Hie mvTWje pro])orti<Jiis of the ehief sci'undary eonstiinenth in 
\anouH elasses ot spirits weie found by I'l A Mann to he as 
lollows2 '|'he> are deduced fiom the annKses of 177 samples 


( l)isTiii.kD i\ rorsTii.is 


T\|H‘ 

KstciN 

l■'lll Till 111 

rii^'hci 

alisiliols 

11i({hliui<l limits 

AS 5 

:i 1 

is:i 

Isiwlnnil „ 

.*!J (1 

1 1 

ik:i 

t'lllll|ilx'l(«l\UIS 

rn 

10 

17*1 

Ihlity's 

40 :t 

51> 

L’OI 


II 

Distillkd in onii.ii ariLr.s 


llialiliiiiil malls 

07 S 1 

17!) 

liilulllIKl „ 

('aiii]ilH*ltn\\nH 

40 7 1 1 

Isa 

fi3 -J 0 

10!) 

Isliiys (mjii(') 

- 


(h’lii'i'al awrap' 

50 3 3 43 

ISI 


Ilf - 1)iKrii.r.ri) in stima 

(tnnii^ . ‘2i\ 0 0!) 15 4 


The higher alculiols were ebtiiiiated by a sliglitly modilied form 
of the Allen -.Manpumlt method 

^ Nir T ]j. T)ioriM>, Appi>iii1i\ Q, of Uuynl Ctinuniuion. 

* “ Kstnliliiilinipiit (if StniulArds for Whisky iii Wmlcrii Australia, *’ 101.’!. 
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Schidrowitz and Kayo have published a conBiderablc number of 
^ analyscH ui authentic aamploH uf whisky.' For the live chief 
classes of Meotch whisky they Hiiinniariso their results as follows — 



» J. Soc Vhtgt. Ind., M. 3M e( uq. 
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The ftillnwing analxtu^s (if Irixh and American nhinkies arc due to 
Schidiowitz 
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Tho higher ulcohulH were OAtiinatcd by tlio Alh^n Murquardt 
|)ro(‘OMH Kxcopi in tho enw' of the al(‘(»hoI and (‘xtruct, which aro 
ffiven in pm‘critap;os, all the ilcnotc inilli^nuiis j»ci lOli ec. 

ot ahMiliite alcohol 

Of tho Iriah whiakioa, Noh 2 and 4 w'crc strirod in plain wood, 
and No 5 in u shorry cask 

Changes in whisky during storage. The most 

extensive examination of the eliaiifres w'hieli whiHk\ underi;oe8 
diirin*; Htoruf;e in casks is due to (Vnm|iton and Tolman who 
earrieil out a series of eY|)oriinentH upon Amciican whiskies over 
a perioil of eij»ht years * 'I’he higher teinjM*rntiire of stor.iiie. how- 
ever, and the praetu'e of charring the interior of tlie casks niiike tfie 
conditions in America very different from those obtaining in this 
country l^'ur the pn'Siml purposes thendore, it will be useful to 
consider a snudler series of exiieriments earned out in tin* tSovern- 
jnent Laboratory, liondon, on whisky stored in cask and in bottle 
over {K'riods of 2} and 7[ years * 

Four casks of pot-still spirits weie kept iii distillerv warehouses, 
and samples wviv periodically drawn for examination 'I'wo of 
tho whiskies were of siu'cial distillation, having undergone Ireatmeiil 
for tlie removal of furfural , the other two were of llie ordinary 
eharautur A siimmary of the analytical ii'siilth, siillieieiit to 
exemplify the elianges, is given in tabular form on p -to:! 

The eorri'spoiiding samples stomi in glass bottles showed piaeli- 
eally no ehanges 

It will be si'on that in tho casks the spirit showed a gradual and 
quite apiiit'emhle loss of alcohol There was diinng tlie first six 
months’ storage a fairly well-inarki'd iiierease in every oiii* of the 
mrundary cunstitueiits, over the amounts found in the new spirits 
After nine to twelve niuiitlis' storage the higliiT ahohols and the, 
furfural runiaiiied practically eoiistnnt, and tlie inercascs in the 
other eoiistilucnts were very slow. 

On tho whole, tho changes shown by theso ox[H'riments to occur 
in tho iH'condary eoiistitueuts of whisky, though well-marked, are 
of comparatively liiiiit(‘d range, even where the storage is in wooden 
casks ; and they are practically negligible ui glass bottles This 
fact 18 of boiiio importance m enabling spirits to be traced and 
identified ; or, on the other luuid, ui showing that they are ditTereui 
from what they aro alleged to be. 

It has alreavly been mentioned that the chief analytical differeiieo 
dhown between now and old pot-still whiskies stored in casks consists 

> J. Amer. CA<m. 1908, 30. 08. 

■ Appendix Q, Report of Royal Conuiiisaion. 
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* V 

in (ho iiivn'AiM'rl ninountM of ocuU, uldchydeH, and CHtorK. Acconling 
to Thorpo,^ lunch (jf tho incrcaHo ih probably duo to a proccsn of 
extraction of .secondary products absork'd in the wood of the casks 
fniin former spirits This absorption is to some exUmt holective. 
The cth\l alcohol shmiy diffuses through the wood of the cask 
and iMisses into tlii! uir, leaving some of the esters and higher 
alcohols behind in the wofKl, which thus bmnnes more or less 
charged with these seiHUidary eonstituentH, ac'conling to the length 
of time and other circumstances attending the storage Probably 
also, ps|K>cinlly when the casks are empty, there is some production 
of acids and ahlehydes by the slow oxidation of the aleobols in and 
adhenml to tin* wuml of the easks, and the iiuTi'ased acidity would 
favour the prodiietion of esters also 
(Vanipton and Tolman^ foiiml nii ninnist in the aleoliolic sliength 
of spirits storcfl in winmI, amounting (n uhoiii I |K‘r cent per annum 
They explain this inerense hy the fact that water passes through 
tho pon's of the wood mon* reiulily than alcohol dne^ The incnxisc 
in the })ropoition of higher aleohols is due, they consider, to the 
diffusion of water and ethyl aleohnl through the ])on‘s, the wood 
Isdng pruetieallv impervious to the higher aleohols Kiirliirid may 
he deiived from the idiarml interior of the cask, and there is also 
an actual inerease in the acids, aldehydes, and esters TIu' changes 
arc comparatively rapid at first, but proceed ver\ slowly after a 
period of thn*e or four jears 


vr idguKUiis, roRDiAks, and compoundiod spirits 

Liqueurs and cordials.— Then* is no essential dilTerenco 
between Ihiiienrs and cordials, but as a rule the name '' lupieur « 
IS applied to foreign products, whilst the British preparations arc 
generally termed “ cordials ” 

Typically they arc strongly spirituous and usuall\ sw'eeteiu*d 
compounds, llavoured with aromatic herbs, essoiices, or fruit 
extracts, and often eoloured Among the best-known foreign liqueurs 
are absinthe, anisette, benedictine, chartreuse. eriMne de menthe, 
cura9oa, kirseh, kummel. maraschino, iioyaii, and vermouth : 
whilst in this country are made such preparations as cherry brandy, 
cherry wdusky, clove cordial, ginger cordial, *>arange bitters, peach 
bitters, peppermint cordial, and sloe gin. 

The flavouring of the |iighor rloss liqueurs is almost a tine art. 
They have liecn fancifully com|)ated to musical harmonies. *In a 


^ /.QO. Ctl. 


* Lee. eti. 
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arhlo nf flavoiirK Hoino an' rnnronlniit with nlhcrH, Homi' fliaoonlaiit, 
likp thp not<'H of a iniiNiral waIo ; ami tiio art nf tlio ox^iort. liqui'iir 
maker eoiiHiHtK in an (‘liooHin^ hU flavours tliat they ahall hlend, 
like the notes of a rhonl, into a pleaMing, harmoiiioiis whole fTene«> 
in the best qualities of liqueurs eare is taki'n In have hiclily-n'rtifieil. 
neutral aleohol and pure wliite Mmar as (he fiimlainentals. in order 
that the flavour of the final prcxliiet may not. he impaired. Both 
f;rn])e sfiirit and frrain spirit are usc'd. the former in the better kinds 
of liqueur, the latter in the eoinmoner varieties and in eonlials. 

'Phe exaet n^eijica for the mow' esteemed liqueurs sueh as ehartreuse 
are. of eoune, trade secrets . but anionff tln' chief flavouring 
ingredients uswl in making these eom|vninds are the following 

.Mintmds, angelica (root and .st'eds), anisei'd, balm, calainus, 
earn way. cardamoms, chervil, cherries, emnamon, «'h)ves. coriander, 
ciibebs cura.'on oriinges, dill, fennel, gentian, ginger, hyssop, 
pinqier, lemon jM'el, muskmallow, orange ]s*el. orris rcMit, is'pper- 
mmt. pineapple, rasi»bcrries. sassafras, spearmint , straw berries, 
wormwood, and vanilla 

fn making the li(|ueuis thrn* priiieipal inetluwls are employc'd 
for tri'ating the llaxouring ingn*ilients 

(1) .\n essence is obtained by mai-erating the ingredients in 
aholiol distilling the mixture, and reetif.Miig the distillate 

(2) An aleoh<»lic extract is made bv digestion of the ingn'dieiits 
and tiltratioii. without distilling 

(Jl) For inferior kinds, an esseiiee is prepanvl by simple solution 
of essential oils (< g , oil of anise, oil of lemon) in ah'ohol Whichever 
method is adopted, the resulting solution is mixed in the' reqiiiri'd 
pro|M)rtions with sugar syrup and aleohol. coloured if nceessiiry, 
clariHed with white of egg, isinglass, or other siiituble agent, and 
filtered The liqueur may he “ mellowed " hy digeatinn for a short 
time at a gentle heat in a closed vessel 

As an illii.stration. the following metluMl of making onlinary 
“ anisette ’ ma> he cited ■ 


Anisf' wist 
Slur Hiiiw wsd 
Coridndor 
Fennel 

Alcohol (H5 per eent.) 


:i kiloii 
.. 

1 .. 


1 .. 
52 litres 


(1) —The bruised Seeds are digested with the alcohol for twenty- 
four hours, then 25 litres of water'added, and the mixture distilled 
until 51 litres have been eollected this distillate 25 litres of 
wa>«r are again added, and the mixture redistilled till 50 litres of 
distillate have passed over. This is the flavouring essence. 
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(2) - Of this (‘ssenco. fi litres fire mixed witli 20 litres of nleolinl 
(RO per (Tilt ), 12J kilos of sii^ar, and 00 litres of water Tin* sugar 
is lirst dissolvf'd liy heat in a ])Art of the water, and added ns a 
syrup The H|)iritiioiis mixture is thi‘n clarified and filteml 
111 I'Vanee, luiueiirs an* divided into four main chissc'. ns ordinturcM, 
•kmi-fnfn, Jitics t\ru\ sMtJinrH , are also made Thn 

(Inm-fnea have more alcohol, sugar, and flavouring than the 
nrdinantM of the same t\pe, \hv fim-ft more than the ihwijinf'i, 
and HO on II is not merely n ipif'stion of less wiitiT, tin* better 
(]UAliti('s may (‘ontain additional fhivourmg-ingn'di(‘nts and ho 
geni'rnllv lii'tter prcpiired than the commoner kinds 
The colouring matters which have hi'cii employed for colouring 
li(|ueurs inclinh* coni tar colours such as aniline red, aniline \iolet, 
iniilnchite gre(‘n, and indigo cArminc , alkam*! ntol hraril wood, 
enramel, catechu, chlotopinll. (‘ochincnl. ciidh(*iir. hiematowlin, 
indigo, orchil, snlTron, sniidnlwiNMl. nnd tiirmcnc With the \cgc- 
tfible colourings, a little alum is iidch'd to iiicnMse the )>crmaiieiicy 
of the colour 

Rataflas are lu|ueurs ])n'|)aied with the extracts of fruits, etc , 
not distilled Thus rnspherr\ intalia dmi-fim according to one 
formula is made hy mixing the following 


Kxliiicl «»f ni'iplM riii*s L*U liin’s 

,. uiM I licrrii's !• 

All iilinl (Kl |M I l•l•||| ) 10 ,. 

Siipii L'.'i klliiM 

UhIi‘ 1 47 lilri's. 


Absinthe eontams ml of w(»imwo<Ml as its chainctenstn lon- 
stitiient, with otliei flaxoiiriiigs such as anise, fi'nmd. coriander, 
and nngelien It is chieflx iisr<l in Krnitce nnd Swit/i'rlniid 

Creme de Menihe is fln\oun‘d with essence of peppermint, and 
HoinetiiiK's with oth(>r flavourings in addition r tj . Imlin, (‘innnnion, 
orris, nnd ginger 

Chartreuse and Benedictine nn* highly sweetened liipieurs 
Angelicn, einnninon, hyasop, mnee, lemon Iwilm, and peppermint 
are some of tlie ('onstituent.<) in recipes which are said to prodiieo 
good imitations of the chartreuse actually made by the CarthuHian 
monks 

II 

Curafioa is flavoured with the peel of eura^'on oranges and of 
ordinary orniigi's 

Ktrsoh or Kirsohenwasscr is a spirit distilled from the fermented 
juice of wild cherries, somctiim's mixed with hrnnd\ , or flavoured 
w'ith almonds nml^apricot-seeds 
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Kummel is pn'imrod from rnraway schnIs. witli Hiixi1iiir\ flax ourin|Ts 
such ns runiiii 

Maraschino is supposivl to Ik* pn'pared from tiu* mm asm rluTiy. 
grown in Dnlniatm, Init i»thi*r iliorncs. nisplH*rrirs and aiixdiiir) 
flavourings an* now oflon used 
Noyau is f1nvoun‘d with aprieot or peaeli kernels 
Vermouth is ess(*ntiall\ a sw(M*teii(*fl wine cd wormwood, made 
chief] V in rial\ and France Orange wine is ofti'ii used in the 
e)i(‘a])er rpialities and nleohol K rIm) addl'd Various hitters 
and aromatie*) ma\ he used av auMlinries to the wormwood, siieh 
a> iingeliea, gentian, e]eeain|iane. riniiamon. and nutmegs 
The following amd\H*s. here slightly ahhn'Viatisl. of Inpieurs 
me gi\en iii Komg's work, hut it should he home in mind that 
li<|ueurs Milled h\ the same name are not alwaxs miide from the 
same foimul.i, and that there are sometimes dilTerent ijiiahties of 
the Nime (v pe 

\n\i.X'>I'* Of \ xitioos iiueieits 
Miuhnl 


Kiii'l 

S|l 21 

V.>1 

pi 1 

KsliaH 

( lint* 
siigiir 

W\ 


nail a 

.IS i» 

0.1 


— 

11.1111.1 

(I uiin 

4117 

.l«l 

4 2 


XiiKi'iO (|i niiclciiiiic 

1 Osl7 

IL*0 

.11 H 

;i7 1 

(MM 

• iii'du lull' 

I n7n'» 

■|J (1 

.Hi 0 

.12 (i 

nil 

1 1( ■rln'iik.t 

1 07‘l‘i 

1.12 

:iai 

.11 1 


(V< MU * ill MmiIIii * 

1 nll7 

ISO 

2h:) 

27 II 

(MM 

( iiiiu;iui 

1 

0 

2h 0 

2H 1 

0 (III 

(•lll|£i 1 

1 (1141 

17.1 

27 S 

21 «» 

(Ml7 

Kiiiiiiiii I 

I U4'l(l 


5i0 

111 2 



An regards the estJination of the eNsmtial oils in ]ii|iieurs, the 
method ado|i1ed oflieiullx m Kraiiee is to distil the Numple, make up 
the distillate to the original xolume with water, and then deter- 
mine the iodine ahsfirption hy Itiihrs process 
One hundred e e of the li(|ueiir are placed in a 251) e e distilling- 
flask. 10 e e of water added, and the mixture distilled till UK) v e. 
have heen eolleeled Of this, 50 e e are plaeed in a 250 e.e glass- 
stojijiered flask and 25 c e of the following mixture added 
Iodine, 50 grams, niereiirie, chloride 00 grams ; separately 
dissohvd in I litre each of 90 jicr cent alcohol, and equal volumcM 
of the two solutions mixed 

The distillate, after being well mixed with the 25 c e of iiKlino 
n*agent, is set aside for three hours at a temperature of 18'* A 
" blank " experiment is carried out at the same time on alcohol 
containing no essential oils 

At the end of the three hours, 10 c.c. of a 10 per cent, solution of 



AT/^OHOt; 


csiaf: 


ptitnwiiiiin an* adflril, and flu* two soIiilioiiH fitratotl with 

drcjnoniial Holution Ud N lx* tiu* nuinhrr of o o. 

H'quii'od for tIu* pnrr alcohol, and n for the lir|uour Then 
( A' - n) < d 2M ftivcfl the (]iiantity of iodine alworhed )H‘r litre 
of liqueur 

From a knowl(‘d^e of the iodine value of the oil in ijiieHtion, the . 
proportion in the liqueur enn he enleulatc-d Follow iiifc are the 

(|uantitief( of iodine nlworbeil hy I pram of the vnrioiiM eRHential 
oils 


Oil. 

(liiiiiiri of nullin' 
iihsorlx'il. 

' 1*111 |M'iit nil* 

:i 1 to 

N«>nili 

. :i 0.10 

IVpjU'riiiiiil 

0 .IK.'i 

Olimpia 

:i 17 ■) 

HiIIit itliiiiiiiiU 

0 000 

Mwiiillif* (luhtf) 

0 oiei 

„ {•(riiiiih ) 

0 ‘SIS 


1 IM1 

Shir iiiiis« 

1 ‘iliO 


0 os;t 

hViiiit 1 

1 .»‘)7 

('oiiiiiulrr 

J i>n:i 

'I’ansy 

0 loo 


• AIimiiIIh* pclilc Irri'iHfAir/ WfOf/fr/Mi, VIhiiiIIic t't.iiuli I 

For the niixtiin* of oiIh iimmI id lihsiiitln* lii|iieiii S.iimie Ferriere 
and (^iiniusM* take 1 2IIH ns the luenii value of i(»(line nhsorlied per 
pram of the mixtim* 

Aeenrdinp to A Aiiguet,^ the lesultn nre too hue if the iodine 
Si>lution prepansl in the* ordinary way is us(*d wlulst fresh the 
iniixinium values me pi\u*n with a solution whiih is some luonthq 
old This in nttrihiitahle to the development of hsdricMlie acid 
111 the Huhl’s iodine solution, nnd the addition of this aeiil is 
therefore nToiniueiidisl. in onler to tit the iisUne solution for uw 
at nnee The proportion of h\dnodie neid suppested is 7 o to 
It) grams jH'r litre The sample should he ullowod to stand for 
two hours at a tempenitiire of about IS' after mixing with tho 
lodmc solution 

Various liqueurs tisiled h\ tlii^ iiietluMl gave the following results, 
expressed in grams of imhiie ahsorlHsl |K‘r litn* of the isample : - 

Alwiiithn . ‘J!) I) Mirrlirtmi* 10 

Ani(*r Virtni 0 1,) Mnil lie Itlniu lii> .0 17 

Amiwtte . . . 0.1 to I- ID IVpiiLTmiih . 0,10 

Aleoholie solutions of various essential oils (2 parts per litre) 
gave the following valiieS for iodine absorb(*d - 


i .Inn. FaUiJ,, 1906, 6, 3H.i. 



spimTumis nwrtu<m‘ 


'in 


AiiihpimI (Frt iirh) . . 3 n Mint ... ■. 074 

llnliii limit . .43 Nomli (0 1.1 |n'i rrnt.) 3 1 • 

T1er|:aiiint . 4 7 (Iniiiitn . . ... 0 3 

Conamli^r (tt 1 jn’r o'lit ) . 2 _• 

Till* Wijs niotliod Ilf r^tiniatinu loihiu* alniorptimi is not auitalili* 
for iis(‘ uitli ali'oliolic .solutiiins of oMWMitial oila 

Acronliiif! to X Horiiui'." ' imiuntin^ thn ri‘Milts of an iiivoati^a' 
tion carrioil out for tho SitritUi^ tin K vprrlu-f'himiMttM th Fnnicr, 
till* iodine method Ki\es iieeurate detorniinutiona uith aniseed and 
kiiiiimel (e.ir;(Hn\ ) li(|iieiirH onU (>d of nniM‘i‘<l ahsorliH 1 40 gianiN 
of iodine hy the fliihl process, and oil of caraway 2 40 Krama, per 
grain of oil With other Inpieiirs. the inethiNl n^eoiniinmded la to 
antiinite the distillate with salt, e.\tinet with ]M'troleniii ether, 
allow tlie sol lent to evn|Kirate at .i low tein|M‘rn1un\ and weigh 
the K'sidiial oil \ leieiit l‘*reneh deen‘e livs the niaxiiiiiiin of 
total essential oil.s m |i(|iieuis .i| (I Ti gi'iim (nt Iitie 

(' K .Mntfelel- points nut that suiee iiieiitliol diM’.s not ahsorl) 
iodine, it is well to use the evtiaetion inethiMl just mentioned in 
examinini; peppermint li(|ueuis. otherwiae odded nuiithol is not 
delected One gram of oil of ]H‘pperinmt will aliaorh 0 4ri gram of 
iodine , heme if t)ie iodine \iilue ot the oil extracted fiom |)ep|N'r- 
miiit liipieiir l)\ petroleum ether is determined the result will indicate 
whethei menthol has heeii added This author nlao remarkH that 
mpieiiiH whi( h ha\e heeii coloured with caramel may ,Meld diatillatoB 
contaimni; unsaturated (furfiirahlehxdie) eompoiinds deri\cd frfun 
the caramel 'I'liese would aliMirh iodine, and to that extent vitiate 
the icHiilts ohtained h\ the iinIiiic process 

Miittelot also desciihes the following iiii'IIkkI of carrying out 
the extrai'tioii pnaes-s of determining the total (piantitx of essential 
oila ill liqueurs Two hiindri'd ee fif the sample an* mixed with 
75 e c of water and distilled, 2fHI e e of distillate being eolleeted 
Fifty gram.s of linelt -|Mjwden*il sodium chloride are then dissolved 
in the distillate, ami the solution is extracted three tiinea with 
petroleum ether (b p about 40'), using Hi e e , 5 p e , and 5 c e 
The fN'troleiim ether solution is dniil with a litth* anhydrous aixlium 
aulphate, ami removed to a conieal weighing flask, which ia fitted 
with a cork carr>ing ^wo glass tiitiea. The solvent ia cvaporat(*d by 
passing a slow current of air through the flaak while the latter, in 
the earl\ stages is maintained at a teinfieratiire of about 25*' to 
30** The evaporation is eontinued until the weight of the contents 
of the flask does noi diminish by more than 2 mg. after continuing 
the air current for five minutes. Experiinents with aniseed essence 


> Ann. Falsi/., 1916, 9 . lJ7-13t. 
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aiwl OhartrcuHo pwrifi* mIiowoiI that the of pKst'nlial <»il in * 
PHtimationH by this nietlHMl was Irss than «ne*tpnth of the imniility 

* ]»rprtpn1 * 

Compounded spirits" is a {{rnprnl term indii-atinf; 
H|iiritM which have been Hwoelcncfl or flavoun'd, or both It 
includes Mich firrpnrations as gin, sloe gin, llritish hraiiilv, imita- 
tion nim, liqucnrs, and conlinls ; hut the term is not conlined to 
beverngfls 

"British compounds" an^ dellned in sec 11 of tiic 

• iSpiritH Act, lAAO, n.s “H]»iritH redintdled r)r which have had any 
flavour cornmunientisl thi^reto, or ingmhent or material mixed 
therewith ” 

For cf‘rlain fiscal pni|KiseH in (onnei-lion with •'illouaiiccs on 
exported spirits, thesi* an* “dei-imsl to he ])lnin spirits oi Npirils 
in the natiin* of spirits of nine, unless they an* proxed to the* sniis- 
faetiori of the Commissioners (of Customs and K\(‘iscJ to have been 
distinctly altered in character hv ledist illation u ilh or In t in* addil ion 
of flax'ouring matter (Sec (2) of Kinancc \ct, 1002, .is a mended 
by See 8 of tin* Ilexenne Ac*t, I'MMI ) 

There an* n feu other feims eoiiiiiionlx used in dealing with 
spirits which it max he eonx’eiiient to mention hen* 
"Enumerated spirits." For the purposes of the 
Ciistoina tariff, brandy, rum. imitation rum. ainl (leri(*\.i are 
(laHHithsI ns ''enumerated'’ spirits All otliei impoited spirits 
are clnssifiiMl as uneniimernled ’’ , they max he lilher sweetened 
or iinaweeteued 

Sweetened spirits aie deserilM*d m the rexcriiic regula- 
tioTW as “ spirits to which iiiiy matter has been added nft*-i distilla- 
tion, wliieh imparls to them the qiiiilih of .sweetness and prodines 
obscuration to the amount of over Off per cent " 

Liqueurs are not delined by .statute, bill ollieial legidationN 
ileserilM' them, solely fiom the rex'oniie |M>int of xiew, as ‘ eoni- 
ponnded spirits, the ingnMlieiits in which interfere with the eorieet 
action of the hydrometer " British liipieurs an* deemed to ineliido 
all sweetened or otherwise “ oliM*ureil ” British eompuiinda, mchiding 
esaeiieea and perfunierl spirits, of which the true strength cannot be 
aseerlained without distillation 

TinctureSp as used in pharmacy, are jirojicrly preparations 
obtaiimd (1) by macerating or percolating crude drugs with alcohol 
(r g . Tincture of Myrrh, B P , Tincture of Kranieria, BP); 
or (2) by disHolviiig deftnite eheiniral suhbtaiiees or proximate 

• .Inn Vhim. Anal. 191K, 81, 50-S5 
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principli's 111 alcoluil (Tmrturo of Ferru* ('lilnmlo , 'rinctiiro of 
OaiiMiuri(liii) , «ir (Ml h\ dissolvins; oxtnu*!-<. t*tc nf iIpiiT'J wit’i 
aloohol (Tinrtiin* of Iniiiaii lli'inp) TJuto nri\ Iiowovit, oHht 
preparations to mIhcIi tlw* iinino “ tinrtiin's has Imm'ii applied with 
flomo qualification luifnch, *’ ctlu^rcal " tiiictiiiv**, and ‘ aqucoiih ” 
or “nlvcciin" tinctures The ethereal tinctures arc prcpansl 
from (I'ltain diii^s li\ sulHtitiitini; ctluT tor alcoliol The aqueous 
or glycerin tinctures an* m.idc hy UMn» instead of alcohol, a inixiiiro 
of gheerm water, and aictic mid to cxfiact or di.s-^oKo tin* 
dru/T 

“ Tiiielurcs, ’ for the [iui|ioscs of iliawhack under the Hritish 
liscal ic^ulahons. indudc not onl\ incdHinal urtiilcs such as those 
indiratcd ahove, but aKo (lavouiini; est)erue<« and iMTfuined spirits 
Moicoxci s|Mriluous toilet vinepir's and waters, dcntiilices. liair 
washes and hrillianliiies*, are aUo foi these a|M‘cud purposes deemed 
to he “ pcifiimed spiiits " and arc therefore ineluded as 
tinctures 

Essences, m nnti^h ii'mi; 5 i where spirits are coneerned, are 
alcoholii dilutions of 1{a\ouiiiiirs or perfumes, and sometimi‘H of 
tiiediiinal siilptaiKcs In Kiame and aonie other purtn nf the 
Contim nt. '* csseme " denotes a \oIiitile oil ; in tlii' Ihiited Stutes 
sDirituoiis tlaiourinus. eti , are known us “extraets” Examples 
ol «sseii(<s aie th(‘ (s^eneet« ot almoiids lemon, p(‘p|MTiiiinl, and 
vanilla amoiii^st the lla\ounn^'s , of .unhi iini^, heK'amot, and (ivet. 
Ill tin iierfumes , and of camphor, ptpsin, and simiia amoii|;Ht the 
inediiiiial preparations 1'he pio|Mutioii of disbolved oil or other 
aeti\e siilistaiiee in llie csseiiees \aiies eonsiderahly , thus essence 
of lemon inn\ loiitiiin am tiling hetueeii fj and III) ]MT eent of the 
esneiitial oil of l(‘moii Maii\ of the "(ssemeH” are ipiite Himilar 
to ' spirits " of the same suhstaiii e exeept as regards the ]irojiortioii 
of diHsoh ed iiigiedieni , and even in this lespis'l theie is no neeessirv 
ililTcrenee, though the ” spirit *' is generally the rnher in the aelive 
ingredient Kxanipii's are essence of einnamon and apiiit of 
eimiuinon , essence of ]M'p|N'rniint anil spirit of pcjqsTiniiil Tho 
two '■ spirits lire ofhi'ial in the Pliarnuu'iqMeia, and contain, as 
do most of the other If P iiieiluinai spints 10 per cent (by \olumo) 
of the rcsfiective essential oils The two esseneis may eoiitain SiH 
little as 2 or 3 per eigir of the oils 

In the United States tho Association of Oflicial Agricultural 
Chemists have agreed iqKin certain standanl strengths for extracts 
(essences) used in Havounng foodstuffs, fts follows 
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Essential oil. 
IVr cent. 

Iiy \ n! 

Huci'l ImmiI 

0 1 

ThyoH* 

0L> 

(Vkri'Aecd 

OR 

Romp 

0 t 

Almniiil ; Hwpct inurjnrHiii 

1 0 

CaHHiu, ciiinuinoii , Hom-, iiutnica 

‘J U 

Anisp ; fM>}iperiniiit , Himarmint . hIhi uiiihi' , 

winter- 

gTPPII .... 

.‘ill 

Lnnun . orange 

. .'i 0 


Gingor (pxtrftct) w to pontnin in HH) c c tin* alroliol- 

Holublp matter of 20 f^aniH of ginffer 

Tonka v»wmv is to eoiitain ()•] per mit l»y wpiplit of coinnariii 
iitid a com'Hponding profiortiofi of the othcT hoIuMp mntterH of 
tonkn hrnnH 

Vanilla pmenre is to roiitain in ItM) p p the Holiihlp ninttiT of 
10 graniH of vanilla beans 

Tlio analysis of thew various csspnira, |iprfiiiii(‘H, H|nnls. and 
tinptiirpM, HO far aw the aU'ohol in concpmed, ])n'w*iils no speiial 
dinipulty, as a nilo The oils, etc . an* wtracled with |M'lioli*iini 
other liy Thortip and Ifolmps'h jiietlHKl as dpsenhed in ('hap VI, 
the alcohol distilled olT from the satiirati^l salt solution, and deter- 
initicd as usual. 

For tho pstiination of the essential oils where tiu* larger pro- 
IHirtions are prpw*nt. the following niethoil can generally lie 
riuploycd ^ 

To 10 ce of the eswnee pi^M'tted into an oidinary Baheoek 
milk-testing bottle are addeil in the order givi*ii 2ri e e of eohl water, 
I e e of hydroehlorie acid (sp gr 12). and 0 T) e e of chlorofonii. 
The mouth of the laittle is closed with the thumb, and tJie bottle 
vigorously shaken for not less than a niinnti' In this way all 
the oil is dissolved out by the chloroform. The bottle is now' 
whirled in the centrifuge* for one and a half to two minutes, and 
the resulting elear sniiernatant liqiud is n*mov(Hl to within 3 or 
4 c.Q. hy means of a glass tube of small bore coiineeted with an 
aspirator To the residue, 1 e.e of ether is added, ami the contents 
of the bottle well shaken The bottle held at a slight angle is 
tlicn ])iape<l up to the nerk in a boiling water- or stcaiu-bath, in 
which it is kept for exactly oiu* minute, a genth^ rotatory movement 
being meanwhile imparted to it The ether present serves to sweep 
out all traces of the chloroform, when thus treated. Finally, tho' 
Imttlo is pouleil, water adfli*d to bring the separated oil into ^ho 
graduated neck, and the volume of the oil observed after eenlrifugiiig 

> U. D. Howard, J. Amer. CAem. .Voe.. lOuS, 80, 608. 
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for half 11 iniiiutr, tlui ri>u(lin^ taken at the hifthest part of 
tin* ni(MnM'ii*i With tlic heaxier oils, siiih iii x\interji;re<‘ii, ililiitnl 
siilphiirio .Kill (I 2) iM'lter thmi xxiiter for sr|)aratiii|> the oil 
III lhi.i ense shaking ahoiiiii 1h' axoiclnl anil the teniperatiire keiit 
below 2.V 

The above inetliod ia iiia|iplieAble when tlie proportion of eKaential 
oil is very hiiihII, aa in llavoiireci iM'xeru^ea ami Home modieineN 
In Hiieh cnM'H, it ih often piudieable to make an approximate 
deteriiiination by distilling! the liquid and extraetiiif; the diMtillate, 
Kutl'ieieiitly diluted, Mitli ehloroforni or eaibon tetraehloride The 
iodine absorption of the oil IIiiik extraettnl i^ then determined by 
nrldiiit! Miil)l‘.s or Wijs h iodine Koliitioti to the ehloroforni or earbon 
tetraehloride extraet. and ]>roeeediu}! a.M iisiial A (‘onipari.Hon 
PXfHTimeiit IS made at the •^anie tune with a solution prejiared to 
imitate the sample under exuiiiniatioii. but eontaimiif! n kiiouii 
qunIltlt^ of the oil in i|uestioii Thm solution is distilled, and 
treated sale by side with the suin|)le, so that the o|N‘rationH an* 
Biiiiilnr 111 all reMpedn From the resiillM the ajiproxiniate quantity 
of eHseiilinl oil eaii be ealeiilated It In^arH the same ratio to the 
known ipiuiitiU in the loinpatison .sample as the enrreH|)oiidin^ 
iodine alisorptioiiH have to one another ('Plus is Htnetly eorreet 
only li the iodine \ allies " of the two HfU'einieiiH of oil are the 
same , but lor the small (piaiitities hen* eoiieenuKl the xariations 
are of itu lAoineiit ) 

Gi'fierally, 2.1 or r>0 o e of the sample may la* diluted and distilled 
till 7.J or HHI e e ha\e passtiJ oxer, the distillate extraeted three 
times, w ith 1 2, K, and n e e of elilonifonii or carbon tetraelilonde 
(25 alto^retlierb ami .1 or HI <■ e. of lliibl s or Wijs's iodine solution 
added to the separated extract A blank " experiment on a 
similar qiiantitjt (25 e e ) of the .solvent is of eoiirse made in tliv 
usual inanner 

Fairly good deteniiinatioiis of small qiiRiitities of essential oils 
can also bo made in man} eases by saturating the distillate xvith 
sodium ebloride, and extracting the oil with iietroleum etlier, as 
in Thorjje and Holmes's method for piirifxing alcohol The 
petroleum ether is allowed to evaporate at the ordinary temperature 
in a tan^l beaker, and the residual oil weighed. (See also the 
methods described under “Liqucum.") 

VII.-BKKIl 

In general terms, beer is a beverage which has bcc^n brewed, 

' ieraiented, and bittered. Formerly, and typically, beer was 
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browed frum malt, and biitcred with hf)|>h ; but aii|;nr8 and starchy 
HuliHlancos (itlicr than malt arc nnw roinnioiily employ od, and 
bilUTN other th.)ii hopH arc iisc«l (n a Hinall (‘\toiit In the Tnitod 
Kingdom, boor is l<‘(;nlly “any luiunr wliich is in!id(‘ or sold uh a 
dosrriptioii of lioor or u.s a siibatitiito for boiT, and which on analysis 
of a sample thereof at any time ia found to contain more than 
two per cent of proof spirit’* ft “ iiicludcH nle, porter, spruce 
beer, black beer, and an\ other descnplion of beer ” (1(1 l-Mw Vll, 
e K, R 52) A later enactment excliid(‘S fnnn thi* le^'ul delinition 
of lieer any “ liquor made elsewhen* than upon the licensed prmniia's 
of n brewer for sale whnh on nniilysiH of a sample thereof is fniiiul 
to be of an original f{ra\i(y not excHslin^ lOlG deffiees, and to 
loiitain not more than two per cent of pnaif spirit " (5 (leo V, 
e 7, s 8) 

Ale ” was at one time distinct from beer, as not biinj; bittered 
with hops, but the term liaa luiif; la'cii iiHcd iiidisi riminatel,\ with 
“ beer ” for the lighter- culoiiied varieties of malt liquors as distinct 
from stout, porter, and black beer 
At the pn'seiit duv , the lighter kinds of beei diiink in this country 
eonliiin about (i or 7 per cent of piisif s|>iiit,' and tlic oiiL'imil 
spec die. gravity ol the wort Indoie lennentution is iisiiallv about 
1040 to (water KKMl) Ordinal \ dinner ale, piili* ulc, some 
makes of “ porter,” lager beer, and the birr genciully supplied m 
piiblio houses contains alamt 8 to 11 |H '1 cent of jiioof spud, and 
is of approximate! V IttoO 1055 original gravity Hi'iivier beers 
and stout range fioiii about KHK) to lUDO degrees of ongnial gravity, 
and eoiitaiii 11 to M (a-r cent of proof spiiit , whilst sjieeial kinds 
of **stn)iig ale” inav Ih> of more than IKNt oiignml gravitv, and 
eontaiii up to 2(1 }ier cent of pniof spirit 
('’hemienlly, beer eonsI^ts of a weak spirituous solution of various 
sugars, acids, dexlriiis, proUMiis, flavouring anil colouring matters , 
with a Hinall quantity of mineral constituents, ehielly phoH]iliateh 
and sulphates 

On distillation, the volatde constituents an* sepurateil from the 
beer ; those consist, R|>art from water, of alcohol, ciirbonie acid, 
auAtie acid, and traces of minor constituents such as essential oils 
and higher fatty acids. Tho non volatile constituents are usually 
referred to ns tho *’ extraet ’’—more appropri(|tely us tho ” residue.” 

Tho most frequent analytical oiierations required in the examina- 
tion of beer are tho determmation of tho pro|)ortion of alcohol and 
• 

* Tina n'ferti to uumial cirouiuatonciM, apart from woi cunilitioiiH • Tho 
milder kiinls id “ war ” lircr (191S) cuutiumxl about 3 jM'r cent uf proof 
spirit 
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of the " nrieinni ” Hp<*<*ifio pravitv In Home enisps. an ONtiniatinn 
of the I'arhoii iltoKMle, flic mctii- arid, the iiitioifrnoiiiH riin^titiiriits, 
and thr minrral in^rcdiriits. <‘n|N‘riall\ the (liluridts, may he 
ro(|iiiivd , andorrasionalU scan ii niiihf lM>m.*idrfor)iiltrrMihNtaiu'is 
other than h(i|».s, and for pre'^eivathch The eviiiiiniilioii of the 
beer for snrchariii is also of Honn- itufiorfaiirr. a** ihe addilion of 
this Huhstance to lavr ih prnhihiti'tl hv liiu 

Original gravity. General considerations. Deer 

in thi'^ ('oiiiitr\ is not faxed the aleoliol it (ontaina flu* hiian 
of taxation is the sperilie (rraxity of the iinferniented wort Ksseiiti- 
all\ the woit of beer i- a solution of iiiiillodrxtiins and \unoiH 
sugars maltose, de\frose, eane siiffiir, and inxert-sii^ar eithri 
ariMiif; fiom the malt and i^ruin used, or iiddt'd as such As soon 
as fermeni.dion eommeiiees. the spieitie |!raiit\ begins to alter, 
and the linished heer h ot lower di‘nsit,\ than the oIl^mal wort., 
for two leasons Kirsf, flu* destrm lion ol .Mi^ar h\ fermeiilntiiai 
emoses miIkI matter tiom soliilion, and sceomll;^, tlie iileohol 
prodiued is siieulieallv lighter than the wort 'liie original 
speeilit' piaxitN of tln‘ unfernieiili'd wort ran, however, he 
asiertained li\ tin aiialvsH ot the partl^V -fermented wort, or of 
the linislu'd heer, as tin- ease may reipiire 
As a first approximation, sueh an aiiahsis niipht he hased upon 
ti'* well known eipintioii.s of (lav Liis««ae deiiotnip the eonversion 
of iiL'iir into nleolitil With maltixse. for exam])h' 

fjjIfgjOn : lljd 4(’dlj(»ir } 4('()*. 
and il H readilx ealeulable tJiat lOll parts of this siipar \ield then- 
retieally oil 8 parts of uleohol Ifeiieo hv fletermininp the (piaiitity 
of iiKoliol in ii piveii speeimeii of wort or heer we laii lind the 
crpiivaleiit amount of Mipar destioyed , and from the known density 
solutions of maltose we euii thus disline the eorrespondinp loss 
of spf'dflc gravity Also we ran deteriniiie the aetiiul speeitie 
gravity of the n'sidiial w'ort or heer fmsl from ah oliol. mid eoi reeling 
this for the loss as above as<<TtdUied, we can, tlieondieallN , obtain 
the original gravity of the wort 

In firaeth'e, however, this is not Ruflieieiitlv lu curate A part 
of the sugar destniyed is not eoiivert«i! into ah-ohol Moreover 
ditferent sugars an^ prewMit, and they do not all yield tin* same 
proportion of alcohol Again, the iiitnNiuetion of vi^aat eoinjilieates 
the matter, sinee pari of the solid matter of the wort is usc'd u]i 
in sustaining the. grovrth of the yeast, anti a M-iiHible quantity of 
alcohol may he added os such with this yeast itself These and 
other disturbing factors, small individually; together intluenec the 
reauU sufiiciently to render the figures given bv the simple theo 

11 ir 
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Ffitiral mpthod, ah outlinofl abov<‘, only an Approximation to what , 
obtainH in actual l)rcw<*rv operations 
<1 Wo have, in fact, to fall back upon an empirical haHiii for the 
calculation of rcHiiltn nufficiently accurate to be iiaed in practice. 
Starting with repn^sentativc wortH of known npecifii* gravity, 
expeririiental fermentaiionH have been carriod out From the 
examination of namploH drawn n» the opi^ration proceeded, the 
actual loan of gravity conatMiiient u]M)n the production of kno^vn 
qiiantitieH of alc(»hol hoa been determined The n*flultH have been 
emhmlied in statutory tables for iise in asHessing the cliity on beer. 

The firHt “original gravity" tables were eonstnieled in the 
year 1847 liy Messrs I'kib.son and Phillips, of the Inland Keveniio 
Department They were drawn up with eoiisnb'rable eare , hut 
some discussion having arisen, the whole matliT was r(‘fcrrcil a 
few years later to Profs (IraliAni, llolmanii. and Itcdwood, whose 
n'port was jireseiitcd to the (lUthorities in 18.12, and publislusl the 
same year in the .hurnal of the Vhmicnl jSWic/// ’ A new table 
was drawn up, and subseipieiitly iiusirpomted in the iSchediile to 
the Inland Revenue Act, IKHP An exhaustive revision of this 
table WAS earrusl out during the years IIH)!) 10 by Sir Kdward 
Thnr])e and Dr Horace T Rmwii, the work ineliiding. not only 
laboratory experiments, but an extensive senes of observations 
at iX'presentative brewerit***, in order to oldain data \\hi(‘h should 
eorr«‘S|)ond fairly with the actual working eorirlitioiis met with in 
modern brewing piaetii'e The r(‘vi.sed table, of wliieli a copy is 
given on p I7(t, was legalised by the Finance Act 1014, lor use in 
deteriniiiiiig the original s|N>eirie gravity ol beer iii the riiitisi 
Kingilom - 

Process, (i) Distillation method. Most of the 

earboii dioxide is first e\|M'lled from the beer which is readi^' 
done by pouriiiu it htu'kwards and forwards from one \es.sei to 
onotlier in rik'Ii a way as to make it froth Where many samples 
are examined, a small stim'r or whisk actuated by an electric motor 
is convenient for the purpase 

Worts or unfinished beers containing a sediment of yen.».t, etc., 
are required to be HlteriKl 

A convenient quantity of the beer— 7.1 c.c will Huffice-^ia 
measured out at (10° F and placed in a distilling flask, the measuring 
flask being rinsed out with about 20 e c. of water and the rinsinga 

» Vol. 5. 229. 

■ For « fuller aooouiit of tiie above subject, and fur a valuable study by 
Dr. Brown of the acientifle pniiciplea involved, see tne J /lut Bremng, 90, 
No. 7 (Vol. 11, now eemw), 1914. 
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adU to th(‘ main quantity, vhkh ia thrn diatillrd Tiie iliHtillnte 
is rt*ci*ivi-<l in thi* orii^nal 75 c <• ftOsk until iilinut four fifths (W) v c ) 
liiih hoiMi <'oll(H.‘t(‘(l . ith lrm|MTaliin* in thru luljiihtcil to ttU'’ F 
and itrt xoluino niodo up to 75 rt' Tin* H|H'(‘ili(' ^riixily of t)u‘ 
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distillatr. ndent'd to water lINlO, is then determine] with n 
50 I'c or (preferably) a lOOO-grain pykAometer, and the result 
subtracted from 1000' The dilTerenrc is temiMl the “ spirit indiea- 
tioQ.” and the correaponding number of “ degn'cs of gravity lost 
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during fonnontatinn ” Ik found from thr noonmpanying taMo 
(Tablo 1. |i 470) 

Moanaliilc. thr roHuluo in tho dialilling ih roolnl and usmhrd 
into anr»tlirT 75 v c llask, the tomporatiirr adjiistrd to tiO'*' K , tho 
voliinir mado up to 7.i po with watoi, and tlio sjM'cifu* gravity 
rlotormiiird This is tho “pKiract giavily" Adding to thia 
tiu* “ dcgrcch of gravity lost.,” ns above detcriniiud, we get the 
original spoeitii' gravity of tlie hoer or wort 
Where, lu)W’ever, the neidity of the beiT ih givatiT than 0 1 ]K*r 
rent , caleulated as neetie acid, an additive eorn'etion is re(|uin‘d, 
to eompeiHate for aleohol whieh has lMS‘n oxidised to aeetie acid, 
fn the otVieial nu'thod the aiidity ih detisiiiined with a standard 
Holiition of anniionia, iiHing litmus pajier as iiulu-ator From the 
result, expressed in terms ot aeetie and. and as a ]K“r( eiitaLM‘ of the 
sample, 0 1 is dediieted, and the reiniimdiT, liy refereiire to the 
annexed table (Table No 111, |) 172) gives tin* eonesponding 
eorreotion of the “spirit iiuluiilion “ 

Example ■ 

SiHsilu ^niMly of (lislilliitc MSS l.'i 

„ „* I'xtnu't lllJJ jri 

Then ''Hiiirit miiicniiiiii ” HNS) jiss iri M , Vi 

From Table No I, this spiiit indieation 52 00 degiees ot gravity 
lost lienee, if the beer eontaiiiN no exeests of arid, 

Original gravity 52 00 | 1022 25 1074 S5 

If, however, the Imst eontains, let us say, 0115 |mt eenl ol and, 
eiileulateil as neetie aeid, then the excess, after dediietiiig 0 I, 
0 25, which from Table No IT I 0 degree of spirit iridic ation 
Adding this to the actual iiidieation, we get 11 55 -| O.'Kl - II HH, 
tho eorreeted spirit indieation, whieh = 54 25 degiees ot gravity 
loNt Whence the original gravity • 5*1 25 | 1022 25 -1070 50 
Tho 0 I |M>r cent acidity was taken ns the average acidity of 
unferiniMited wort in Pnifs Graham, Hofmann, and lledwood's 
experiments. It may be noted that fre.sli wort contains praeti- 
eall> no aeetie or other volatile aeid the aeidit} is ehiellv due to 
lactic acid 

When the pro|K)rtion of volatile acid is very high, it alTi'ets the 
apccific gravity of the dibtillate and so prevents the accurate 
doiennination of the spirit indication In this ease, the distillate 
should be nciitruliM^d with solution of sialium hydroxide and re- 
distilled The dcteriiiiiiation of the acetic aeid when the, propor- 
tion is higli is beat doivi by distillation in a current of steam as 
described for wine Alternatively, the total heidity of 50 c c. may 
be determined with standard ammonia and litmus iiaper aa usual, 
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and tlio _/?«»■'/ acidity on ii similar quantity after ovn)H>ratioii to 
dryness on a hteain-liatli, and redissolviiif:; in water- tlie rointilo 
aciditv ia then ffiven hy the dilTerenee 
ilio “ standard ” ammonia may be either of deeinorinal stren^thi 
or of hfi yr DOS G In the latter case, each ce iirmI represents 
01 per cent of acetic add when UMI ee of Imst are taken for 
titration 

(2) ** Evaporation ” mothod. In this procesH, it in 
not. nei’C'iNary actually to distil the beer The specific gravity of 
the beer, ficed from <'aibon dioxide as alnsidy exjilained, is deter- 
mined, and then 7i> cc or other eoii\eiiient ijiiantity, measured 
at GO"' V , ]s e\.ipornted by Eteiitle boiling in a bcakiT or basin until 
the \ohiiiie IS reduced to about one third Dunn;; the ofHTation 
caie must lie taken not t<i eliiir an> of the solid matter Tho 
alcohol bcin^» thu" ex|K*lled the residue is cooliyl. niaito up at 
GO' K with distilled water to the oriinnal \oIunie, and the sjK‘cific 
eniMty taken this is the “extract Rravity “ 

Kioin tills lAliad ;;iaMt> ” ileduct the s|)4Ti(ic gravity of tho 
beci . th(‘ dillcieiu-e is the “spirit induation “ for the e\aporn- 
tioii method lb feiiiii;; tills to Tubli* No 11 we ^et the torn*- 
spoiidiiiu' ' dcLOi'es of ;;ra\it,\ lost," which, added to the ‘‘extraet 
i.,7 1 * it v." fuinishcs the original j?ruvit} reipiired The correction for 
e\< ess acidil> IS made in the same way as in tlie distillation method 
/i’ tumph .'^p ;;r of the beer, lOOII 25 Extract ;;ravity, 1021 4K 
Total acidit\, 0 2ti per rent 

Then spirit iiidi'iition -- 1021 48 UKI0 25 12 28 Kxcoaa 

acidit\ 0 2G 0 1 0 IG, whieh from tho table (No Ilf) gives 

0 22 correction of spirit iiidieation , 

eorreeled spt inrlii ■ 12 45 58 03 degioes of gravity lost, 

from Table No I f 

Whence tlie 01 igiiiaL giavity 1021 48 l 58 05 1079 58 

As compared with tho di.stillation method, the evaporation process 
Is soine.w'hat the quicker, and docs not require tho use of a still 
But tlie Table No II has not received the thorough it'vision which 
Table No 1 has undergone ; moreover, the distillation process is 
the one legalised for use in this country 
It mav be noted that if a suRieientK aensitivc hydrometer be used 
for taking the s|H'eilic gravities, instead of a bottle, tho original 
gravity of beer can be determined by the evaporation process 
without the use of either a balance or a^till. 

For rough purposca, it is convenient to remember that 1 per cent 
of proof spirit produced in fermentation corresponds with about 
3'6 degrees of gravity lost. 
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Refractometric analysis of beer. Tin- ju riciitiipi* of 

alcohol and of extract m Ii»ht inn Im‘ ohluincd. and llic nri^innl 
yrnMtv (h'duccd, it the •'tiei'ilic gravity aiul tlu* rcfractivi* iiidijx 
aro known If ToriKK' ehihorated the method at the instaiuM* of 
the Norwegian (hixeniment. anil a deaenptnm of it has heeii given 
hy liing and Pope ' 

Addition of alcohol to water rauses u diminution of the s|a'eii](! 
graxdty of the* latter, and an increase m its refrai-tixe index The 
extractive inafter ol heei gives an iniTeiiHc of both fad r, he the 
amount bv whi<h the rij'/nr/ov tntii i is iiiis^d b\ each 1 pt*r cent, 
of alcohol, the «orrcsp«indnig iiicreiiieiit for eacli 1 per <ent 
of extract c, the ainount hv which the /^furijit' tjun'ihj is lowered 
bv I pci n-nt of ahohril and r, the ineiement for J jmt cent, of 
extras t Tad, furtliiT, S be the spi'cilie gravity of tlie lieer, and 
/ its ndiattue iielex. both l••fclIed to water as unity, whilst 
.1 and E ivsper lively denote tin pcicentages of alcohol and ext raid 
in tln' br'cr 'I'heii we have 


/ I c^K ! r, J 

and S 1 I c^K Cj.l 

I'MVin these twsi orjiiatioiis the values i»f .1 and E aie leadily 
obtained 



I) 

'*1^4 ^ 

r,(.S’ 

1 c,r, 

1) 

(1) 


I) 1 

1 

1) 

- (2) 


- 

' Va 


It tin- values of tin- soii^tants c,, Cj, an- di-tei mined oneo 
for all, these eipiatioiM give .1 and E, tin- pi-ier-ntage ot alcohol 
and extrai t in th« ]ir*er, when N and r an- obtained on the sample 
rj. etc , uie, however. ii(»t htnetl^X eonstanl. H'* the variations 
produced iii the refractivr- imlex and sfNdlie gravity an- not exactly 
proportionate to tin* rpiantitv (d aleohol or extnu t preM-nt Neiieo 
tables are eonstructed. by means of winch, aflci deterniimiig the 
speeitic gravity and the refrajtioii of n simple, the jH^rceiitagc of 
alcohol and of extract can be read off 

Deteriiiinutions of the values of C|, c,* <*4 

by Barth* The fij^m-es obtained, substituted in equations (1) 
and (2), givu thf- foriuiilie . 

A 7.)9 8 (r 1 ) 202 i:j(*S* - 1 ) 

A’ = 336 6 (r - 1 ) +- 130 3(5 - 1 ) 


* J. iiMf. Brtwng, 1901, 7, 170. * Z9%Uch. gu. lirauw., lOUo, 28, 303. 
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Barth's rowilts havi* lnH*n clu'i-kwl 1»v .1 Kai'o^ who limls that with 
^Haiii[)l(>K contiuninf; up to abfiiit 4 .1 |ht vmt of alc'oliol the foriiiiilft 
Rive witwfuptory rcsultn. but with hiRluT prn i‘ntaRi*H I hi* tendency 



Kl(. 4 li — IMVI ll«ION IIKIK\('lllMrTJ-R, W I I'll IIUI'VTINC W VTI.ri-ll\l II 
. 1 , iirisiii hIiii’Ii i|i|in infii |lip ||•|ll|l| m tlH> rIiWs liciiiMtli , It, Imtli nltli ItiiTiikiniii'Icr 


is to give rather low values for .1 and A’ For bUeli Haniples Kaco 
iwi'fers tlio expressions --- 

-4 -t778(r- l)--21K)(5--l). 

- I) I- 130(.S' - ly 

Tornoe uai*d a inudiKeatioii of HalUaeb’s prism for determining 
the refraction values, but the Zeiss iinmeniion refractometei^ or 
Piilf rich's instniiiient is more convenient 


' J. 8^K Chem. ind.. 1808, S7, 044 
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Wlirn tlir pcraMitiijfo of aloolittl i** olitaiiii'd, llii‘ original (rriivily 
ia roarlily (‘alriildtcrl From tin* former, by n'fen*i»ce to onlinnry, 
alcohol tabloH, wo find (lie of ai|iiooiis alcohol con- 

taining the Hainc proportion of alcohol as is present in the Ihmu* 
Deihietiiig this from ItKK), the spirit indication is found, and thence 
the “ dcgn'cs of gravity lost “ 

The apirit indicatiun jtius the siHS'ilic gravity of tho beer gives 
the extract gravity Adding to this (he degree's of gravity loat, 
we obtain the original gravity 

Kmmpk Snp[H)se we have a Iust with sp gr KMNio and a 
refraction reading .'IDO b\ tin* Zems iniinersioii refract onieter at 
(iO^ F neinenibi'iing tlnit in the e\|)re>>sion i I the unit is (hi‘ 
n'fiaetive index for mitn. I ra.Ti at the abo\e ti'm]>eratiire, the 
eab-iilalion is as follow*. 


I(< ndiiii; .'IIMI n f imli \ (• I'lililis p JHH) 1 

l.<Mn'l iiiili'v (if v\nlcr , 133.13a 

I I 0 OD'IOJ 

> I I (MMMI.) 


Ileiii e, Using Ibirth's eoelhcient.s, tlii' peici'iit.igi* of alcohol in given 

.1 -T.IDH X tMHM»02 L»02 ;i X OOlMK'i, 

- t 12 per cent (by weight) 


Fioin till' oidinnijl abohol tallies, this lorrespiirHls with a specilie 
gru\il\ DD2 (i 


spirit iiiiliiutiiiri 7 I 

hp 1*1 xf siiliipli ItHMP 1 

Kxliiii I I'liiMiy 

Add KrHMl) lost 3J HU 


.tJ sii dc^ic ‘ri Ilf ‘ iji.iv ily I'ihI " 


(liigiiiiil KiiiMt> L04U70 


In practice, lengthy lahulatioiis are obviated b\ the use of 
special tables which correlate tho iminersion-ndraetoineter readings 
directly with the spw'ific gravity and tho onginal gravity. 

One such table is gi\eii below It is used oh follows ; la>t 
JR denote the refraction reading of the bocT by the immersion 
instrument, and D the sjieeitic gravity minuH HKK). Deduct J) 
from R 

Then corresponding with the value *of R — I) thus obtaimxl, 
the table gives a number, S, which added to the specific gravity 
of the beer givea the original gravity of the sample. 
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Jt I) 

f* 

-V 

' It - I) ! 

N. 

17 

10 

:io ! 

40 I 

■ IS 

74 

.11 ' 

42 7 

lU 

10.1 

.u ; 

I.7 2 

20 

1.11 

.1.1 ! 

47 7 

21 

1.7!) 

.11 

.70 I 

22 

IK7 

;r» 

.72 l> 

2.1 

21 1 

;iii 

•77 I 

2t 

2t2 

17 

07 0 

2.7 

20 •) 

.is 

111! • 

2«i 

20 0 

I'l 

a-2 1. 

27 

.12 2 

Ml 

07 0 

2s 

:iio 

II 

li7 .7 

2fl 

:i7 7 

I.' 

70 0 


U'l tli(‘ Mpmlir lie lOilST), .md Die 

rt'liiirtioii rnuliii^' X) .1 

Tlu'ii i) SO. atid t{ I) - 21 {I I'Vdim tlir l.'ildr, l>v 

iiilorpoUtion. lli<' value oE A' is fuiiiid to Ix' 2(MI Vddin^' (Ins 

(o the npi'cilie nr.ivily. we jje( I01KS(» |-2()l) ^ I02A2 (he 
I'lMpured original gravity For regiilai use the int(>r|)ol.ition 
valuer are, of eouise. ( aleiil.ited out and l.ihiilated onee for all 

Estimation of carbon dioxide. The luoportion of 

thiH eonstituenl does not. \ar\ iiiiieh in palatalile heer, lanuing 
from about 0 2.'> to 0 1 {mt eeiit The taste aloiii' is a good guide, 

HH hi'er with less than 0 2 |K*r eent id earhon dioxide tastes 

' JIal " 

If (he lieer is in easU, a ({iianlity of 2(K) to 200 grams is diawn o(T 
into a tared lla.sk titled with a ’* wash-bottle ” arrangenii-nl ot tubes, 
both elostsl with short pieeea of rubber tubing earrying pmeheoeks, 
lly means of tlu' eoeks and an air-pump the pn'ssure of air in the 
lla>k IS risluecsl, to faeilitnte the taking of the sample After 
weighing, the llnsk eontnining the drnwn-oll ([iiantity is eoiineeted 
up with an apparatus of soda-linie tubes (or potash bulbs) for 
absorbing the euilion dioxide, similar to tliiil ilesenbed for the 
estJiiiatum of riietli}! aleuhol by Th(>r|M' and Ifoliiu's's method 
(p ISO). The pineheoek on the exit tiilie of the Mask is opened 
very earefiilly at first to prevent too rajnd escape of the carlioii 
dioxide into the absorption tnlios , then the flask is gradually 
heated to gentle boiling, to expi‘1 the earlmii diixide from the heer, 
and iinully a uuinuit of air fisnsl from earboii dioxide is aspirated 
tlirough the flask, and the ahsorptiun tubes weighed : the inert'aso 
Ml weight shows the weight of earboii dioxide ui the sample • 

If the bm is ill bottle, the eork may be })ierced with a champagne 
tap, or with a eork-burcr, over the blunt end of which a piece of 
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stout nil»lior tu)»ini; enmin^ a piiiolirock has boon |mssiMl Tlip 
lap, OP tlir (ulw*. ji*» till' iiijiv In*. I" thiMi roiiiu ctril uith tin* 
nhsorplioii Irani .md t’lr luitth- phwrd in lold walrr 'I'ln* liij^ 
or rork Is opnnd i aulituislx , niul wln*ii llir uns Ikimt.imsI In pjis^, 
tlip wrtt(T IS uarnu'd hIhwIv to aliniil ‘<t» and knpl at tliis tnni]M'in 
tiirp for rihnut half nn hour the lioltln hiMiii: sliaLrii fn'(|ncTill\ 
At lh(‘ end of tins pmorl (hi‘ hottin is n'lnoxcd and a ciinrnt of 
air frnrd from (ailmn rhovidi* passed as Imforn 

Ifottlns Mith NTt'w sfiipiHTi iiwiv hr ronlrd down in jir-waltT 
and thr ^lo|^JM'r i.ipidix rrphnrd li\ a iiildu-r slnpiM'i tilli’d willi 
a tuhr and piiirhcoik, or with a )>lash tap Soiiir lms ^ull oflrii 
i'S(ti]ic hill tills afttu ail. is wh.il uoiihl happi-n ami to a ^icati'i 
rxtriit. if 1 Im‘ lirrr unr poiiMsI out foi diinkiiii! 

Proportion of alcohol and ''extract." Thr i vprn 

mental ilaH tiiriiished h\ the delerinination of the oiipnal ^ia\ilx 
hy till* (list dial ion pio»i‘s,s allow of these i(imntities heiim olilaiiied 
li\ nfcTniii: the spedth' ^ia\jt\ of the diKtillate to the onhnaix 
aleohol tallies fp ’I'M), we Hid the pro|Hirtion of aho’iol 

l)(M|iietinir IIMMt lioiii the speeilie i;ru\it,\ of the extract, and 
dnidim; the lemaiiidei h\ d St>, the (|iiotient denotes the pains oi 
(li\ e\tia< l in HM) e e <d the heer 

further I xannn.ition of the extiait iiMially resolves ithidf into 
a deteinnnation of the redm iim supirs in terms of maltose (“ cnidi* 
maltose. ' apparent maltose 'j, tin* rh \trinoiis inatteis (' appaieiit 
<h‘\lriri I tin pioteids, and the ash 
Sugars. A craivenient ((iiiiiititv l<l to 2lt ee an online 1o 
the amount ol solid matter in the extract is rliiiitcd with vvatm 
to IMI) c c and the sii^^ais are deter mined on Tdl < e of the diluted 
liquid The LMavimetin Kehline pioteM is eeiieiullv adopted, 
and the K'siiIIs me (xjiressed in terms of inaltoM- 
Dextrins. \ qnaiitilv ol extniit erpial to Id < ( of Hie 
oiieinal heer niav Im- taken, and the dextrin iivdiolvied hy hoiliiijL; 
for four houis with ee of noninil siilpliiini' uud Aftei 
neulnilisiiif; the aeidity, the total rediieniK Hiigiirs are determined 
with Kehlini;'s sulutinii ns before Drdmliii); the ' apparent 
nmlto.se, ’ as above detemnnerl, tbe remainder is ealMilatisl to 
dextrin 

Otherwise, the optual rotatory ])ovver of the Ik-it ih deterniined. 
fVoin the aiipilnr value is dediieted the numher of panis of mnltose 
jM'r ]t)d e r / I M The mntiinder, dividt‘d b\ 2. pivcs the number 
of grains of dextrin in UNI e e of tbe Ihht 
'P rotcids.— The total nitnigi'n ia estimated by Kjeldahl's 
process on 20 or 25 e c of the evaporated to near dryness in 
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the long-necked flask used for the digestion with sulphuric acid. 
Percentage of nitrogen X 6*25 - per cent of proteids 
Mineral constituents. -The total ash may be determined 
on 25 e e of the beer, first eva|iorating niid charring the solids over 
a low flaiiio, tlum extracting the alkali salts with water, filtering, 
and completing the ignition of the carbonaceous n'sidue Tlie 
aqueous i-xtracl is then ivturned to the cniisulc, cvapiirated to 
dryness, and the uholo residue cautiously ignited 
If the chlorides arc to bo di'ternuned, it is well to evaporate and 
ignite a separate (|uantit\ of 2ri c c or 51) c c after adding a little 
barium carbonate (0 5 gram for 5t) e e ), and ])roceed as before to 
obtain the aqueous extraet, in which the chloruh' may he estimated 
with silver nitrate, either gravimetriealU or Milumcdrieally 
Tlie sulphates nn* also best dcterminetl on a srjuiratt' quantity 
evaporated with addition of a little .s(»diiim ludroxide and ignited 
as iiHiml The alkali pn‘Vi‘iitH loss nf a little sulphurie acid, which 
might otherwise occur owing to the pnsscncc ot acid phos|ihatcs 
Sulphitesi which may he pnwiit in heer as prc.scrva lives, 
can be determined in terms of sulphur dioxide h\ rlistillmg 250 c c 
of the sample, acidifiisl with phosphoric acui, in a ciirnmt of carbon 
dioxide iintd alsnit 200 ec of distillate li.i\<' passcsl over The 
distillaU* containing the sulphur dioxhle is allow eil to ilro]) into 
a flask containing a mcasiiied (|iiaiititv ot iV/50-iodm< «<olntion, 
and the excess of iodine is determineil with A’/oO sodium tlnoMiI- 
phnte solution, using starch as indicator The earhon dioxide 
.shoiilil not hiihhle through the iodine solution, or loilme will he 
lost Alternatively, and rather mon* .'icuiiulel>, the distill.ifc is 
iveeived in a somewhat stronger solution of nslme (A’, '10 or 
A 72 O), and the sulphate formed is estimatecl grav imctricallv as 
barium sulphate Traces of sulphur dioMile, it should he 
n'liiemhercd, nmv he given liv thehoiksorotliei iioimal cimstitiieiits 
ot tlie hwr 

Saccharin.- See the metluHls descnlM-d under “ Wmc ” 

All iiitewatmg quantitative study of the nitrogiMioiis eonstilueiils 
of typical British U'Crs has Ihm'ii made h_\ .1 S Sliar)M ‘ ' Tlie total 
nitrogen ranged fnmi 00.10 to 0 112 |M‘r cent Protein accounted 
for 13 -37 per cent of the nitrogen , nmino-eomiMmiids for 25-46 per 
cent ; an<l purine nitrogen, present us uric acid and xanthine 
com|K)unds, for 25-52 per cent Traces (0 007* to 0 012 per cent ) 
of un alkaloidal oil, pit'sumably coniine, anil a small quantity of a 
base which was probably lietaine, practically aeruiinted for the 
balance of the nitrogen (2-6 pr cent ). 

• Hiochrm J., 1)117, 11. 101. 
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Tn tlir rnitftl KiiiKcloin, <ho qiiantition of Imit ])rn(1iifMil by 
brewers for ha1i> in tlio ywr :\U{ Miinli. 1!H*. urn- as 

follows ■ — 


Kiiiflaiid 
NiiIIhihI 
In laiiil 


llain'Ia \viTa>:i' s|i i(r 

»i t;i7.3ni Ki.M mi 

L'..'sH.lhl 11147^7 

SA’iiVNij umrimi 


Kiiiuriniii :i7,.MH,7ti7 


io:ij HO 


Herb beer, botanic beer. -Tlipsi' arr be\eraK(*s <on- 
tainm*^ usualU lull .t smnU proportion of ulooliol They are o*'ti*n 
regarded .is " iioii-i\|r«»liolie '* though this ih not 8lrii'tl> the ease 
(h‘(‘Asioiiall\, indeed, samples an* met with eontAiiiing ns mueh 
alcohol as oidiiiar\ beer 

In general, the lieveiag«-s of this class aie fiTimaited . but Ihev 
are sometimes made by siinple dilution of a In rhal e\tiaet with 
water, or with a weak suiiji 'I’he termentcil nrtnles are jirepnred 
by first making a deiixtioii of the herbs, thim adding Hijgar imd 
yeast, and feniK'iiling the mivtnie sliLdilly The herbs eiiqiloyed 
an* prinei})illy hunhiek, ihamoniile, dundelioii, ginger, hondiomid, 
liqiionee sarMSpaiilla and s.issatras often with a siiiall ipiantit} of 
hops or ho|)-solistitutes smh as (|iiunma. gentian, or ehiietla ; and 
Hometimes with i|Uillai<i to gixe a ‘ heading" IriMead of iisjiig 
the plants IheiiiseKts makeis of herb beer often piirehnse reiuly- 
imnie miNtines of vegetable extents and llaxoiiimgh. whieh onl.\ 
rerpiire to lie mixed with .simar and watei, anil i(*iniented if desired 
iSars.ipanll.i-heer exii.n 1 foi iiistain e. is often made liom eonipoiiiid 
deeoelion of saisapanlki. lhivoiir<‘d with oil of hassiifras and a little 
bitter sin h as tmetiireol eliiiefta swei teinsf with s\iup and eoloiired 
W'ltb earamel Spiiiee beer exli.n-t max be iinide wifh spirit r)f 
juiii|K'r, esM’ine of giigir, esseiii'r of pnneiito and deeoi tion of 
sarsApanlla mlnured with <aiamel A Imp ale e.ssenee is piodined 
by mixing tiiietiire of hops, tmefure of (hiretta, and esseiiee of 
pineapple , and so on 

The ] niportion of sugar generally ummI in herb lH*ers x’liriPH from 
about 3 to 10 or 12 oiiiiees per gallon With the smaller ainoiints, 
saci'harin is snmotimcK added (ilunise synip also is oeeasionully 
used for sweetening the hei’rs, and essential oils for flavounng them , 
and tartarie aeirl or en^am of tartar may be preaent in nniall quan- 
tity. The CMaential Wiilfl may include eansia, cinnamon , cIovch, 
lemon, pepiiermint, and wintcrgrc>en nils. 

The products are sold under vannus names, such as Herb B<*er, 
Herb Porter. Botaiie Stout, Dandelion Stout, Hop Ale, llurdoek 
3tout, Sarsaparilla Beer, Hnrehound Beer, anil no on. They usually 
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liavr an original specific gravity ranging fnnn about 1005 up to 
nlioiif lO^io, though high ‘r values an* met with , riiiil they eontniii 
lUleohol ranging from mere* tr.o'es up to uhoiit *1 pi'r cent of proof 
spirit oeeasionallv mom, as alreariy indicated A fair average 
would be . Original gravity about 1012, proof spirit about 1 5 per 
Cent The solids in solution am chiefly sugars, exei'pl perliaps in 
the ease of ihu low -density beers, which may be sweetened w'lth 
Hueeharin 

The. aniily.Mis of luu'h bi'crs is carried out in a simihir manner to 
that of ordinary beer hVerpiently, only the percentage of proof 
spirit- IS recpiired A fuller analysis would include also the deter- 
miiiution of the original gmvity, the |H*reentage of sugar, and of 
saccharin if pmsent, and the niitiin* of the extiai I other than .siigaih. 
so far as this can be aseertaineil Liquoriei*, hitters, acids *<.iponiiis. 
and llavoimng oils are often present The prc'si i'Mitivcs ihielly 
used are sulphites and sulieyelie iieid 

Ginger beer is piepansl m a similai wa\ to tlie foregoing It 
u>unlly contains u higher proportion of sugar than is found in the 
average herb lieers 

Vlll VWWM AND PKKUV 

Cider is obtained bv the fermentation of the jiine id fp'sh .ip]iles 
Aceoiding to the deiinitioii adopted b> the Tnieinaliruiiil Co 1 lgre^s 
for till* repression of toiMl adiiltenition (t«eiie\a, IIMIS and liNIU) a 
]iroportion of pears, not e\<eisling 10 ]H'r cent , may be mixed .Mill 
the apples, and the juice mu) he extraited either uith or without 
the addition of water It without, the iirodiu t is dlslmglll^hed as 
“pure juice” culer “.'Sparkling” cider, aeeonliiig to the Coii- 
gri'ss, should have been fermented in bottle, as ({i.stmgiiislied fnun 
“ aerated " cider, into whieh earboiuc aeid has been directly intro- 
duced ■' Small " eider is defined us cider containing from 2 to 4 
]M‘rcent of' total ’’ alcohol that is, alcohol both actually existing, 
and potential in the sugar present . with an extract \iitiie, when 
the sugar is deiluetcd, ranging from 0 S to I 4 grams jier ItH) c c , 
and ash 0 OH to 0 14 gram pt*r 100 e e 
III France, the mgulations rcfiuirc that “ cider “ inii.d contain 
at luust 3 5 per cent of alcohol, actual or potential, 1 2 grams of 
extract (sugar disiiictod). and 0 12 gram of ftiiiierul matters (ash) 
\M)T 100 c c If an> one of these eonstitiieiits falls below the limits 
given, the product must bo ternuHl “ small ” eider (*' pefit rnfre "). 
'I'here are no sjxrial mgiilatioas for eider in thii^eountry * 

In making cider, the apples are crushisl in a mill, and the resulting 
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pulp, wrappotl ill cloth, w preMWH] to fowi* out the jiiico. Tun or 
three prcHsiiigH iiia\ Im> ^iven, nml the jmlp luny \w iiioi'hIciiciI uith 
water hetucen luo prcsHiu^rN TIk* richness of I ho jniiv in xugnr, 
and therefore in the {wteritial amount of alcohol, doiwnda niton the 
variety of apple usnl ; nieiliocre fruit yirlda jnicu of sp, jrr nhoiit 
1 (U.I to 1 (155 and containing* 9 to 12 per mit of siif*ar ; i\hih‘ th<' 
bent Jcinda give juice of sp gr 1 (ISO to 1 0!N) or above, uilh 10 to 
18 per cent of sugar, or inon* Adilition of sugar, (aiinni, (arliirii* 
acid, aninioniimi phosphate ^2(lurainH |)rr hoetulitnO. and treatinent 
with Hii]phurou.s a<'id and alkah hiHulphitcs, arc n'garded by the 
[nteniational CongrobS as n‘gular 0 |)erations in llu' procTss of 
nianufa<‘tnre, as are also the sweetening of (lie rcMiIting eider uith 
orystallibed sugar, its ])aNteunsation. ehinlieation, eoloiiring mth 
earainel, and treatment with <'itrio aetd The Kn'neh n^gnlalions 
limit the amount of addi|^ tartarn- aeid or eilrie aeid to 0 05 gram 
|H‘r KM) r v , and of alkali bi.'<iiiphileH to Olll gram, Mith the further 
condition that the eider shall not n^taiii more than 0 01 gram of 
total suI|)liiirous unhytinde fns* or eoinbined, ]M*r KM) « e Coloiir- 
mg with eiMliimsil, earamel and < hieor} infiisioji is retognised 
The sugars ni the juue ot ripe up|i1es ooiuprise saccharose, dex- 
trose, and ki'MiloM' Tlicse exist in \ur,\iiig pi-ojiorlions, the 
1,'eviilose, howeici being tlie largest eoiistituimi I'be snecharoae 
repiesents about 5 to ,‘ll) jier luit of the total sugars , and in the 
ii tii.diiiler 1lic‘ piopoitioii of hviulose to dextnise langes from 10 
to I <lo\Mi to alaait 5 to I in the piogress ot fermentation, the 
eanc-sugar beeuiiKs iii\ cited, anil the ungiiiul di-xtiose imi} bn 
fennenicd out conijilctcly, Icaiiug oidy keviilosc and moie oi less 
invert-sugar, or pi'rhaps kcvulosc mdy 
The. important eoiistitueiits of eider “niiiut other than the 
sugars amt the small (piantiiies of esters or es.sential oils to uhieh 
the eharaeteristie ujjpic tla\our is due, are the acids, pectins, and 
tannins According to a table draun up by the Iremh “ Assix-ia- 
tion Poraologupic,” the must fnnn eleven dilTen nt vagetiea of 
apples recniu mended for the making of eider yielded the following 
data 

.Sp gr. . . . I'OriO to l I3;i 

iWlsugam u:t .,211.1 ginins ]m>i lUO i <. 

AciiMiuH^Oi) . .. OOlfi „ OtfTU 

Tbiiiiiii . . . . U 0«M „ 1 U5i> „ 

IVctic Hubstanri s . OVl „ 210 » 

Some Knglish eider-mustH analysed j>y A 11. Allen’ gave the 
following results ; - 

I I 


> Atudstt, 19U2, 27, 183. 
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Sp nr. 

S<jIi(Ih, [ht rt'iil 
(jlucow „ 

HucniNu „ 

acid (fih main) ih‘i f cnl 
AnIi, |M.'r rent. 

Taiiiun „ 


1 

047 

to 

1 03C 

11 

01 


14 63 

H 

82 


13-51 

U 

38 


1 31 

0 

2H 


0 50 

0 

22 


0-35 


0 22 


s>Lni|il('H Hcrr analysed about thirty -six hours after the 
jui('(t had been preHsod, and eoiitained a little alcohol, rangrig up 
to 1 I.'l per e<‘nt Tlie ‘ glucose " presunialily reprehcntN the vihole 
of the rediieing sugars pn*sent, ineluding any inverted saccharose. 

In a report^ upon the results of iiuestigations intr) cider-making, 
earned out on liehalf of the Bath and Wi'st and Southern ('ounties 
Soeiet\, V J Lloyd gives the coinposition of tlie juice from a large 
number of varieties of apples giown in this countrv It is not 
stated, liMuevei, wiiieh kinds are i‘hiell> used in eider-makmg 
The juice fnuii the \ariet\ kiiouii us ‘ Kingo-ton Black ' gate the 
following resiilts 


Sp Kr. 

1 n.>U to 1 UliO 

SuIiUh 

11 31 ti 

17 30 |)*‘r M lit 


. U ->8 ,. 

15 00 

t'iiiie sdgur 

0 00 .. 

5 12 

Ms lie ucid 

0 20 ., 

Util 

Tniiniii 

0 10 .. 

OlH 

K\tmrti\es 

U 10 

1 00 


The results repivsi'iit apples of the \ariel\ in (iiiestion grown in 
ten dilTereiit jears 

Kor the analysis of cider, the methods (ieseribed for wine are 
applicable, so far as they may be required The following proees.seH 
are also useful 

Pect in s. Kvaporate KMt ee of the eidei down to about 
H) e e , and aibl tit) ec. of alcohol (ttO jm i cent ) to precipitate the 
pcctic iiiattei's .Mlow the latter tJ» settle, decant olT the li([uid, 
mliHsolve the preci|)itate with a little water, and re|H‘at tho trf*at- 
mont with alcohol Kilter on a tansl filter, dr\ caiefuU}, raising 
the temperature gradually to BM»’, and weigh Incinerate the 
filter and its contents, and deduct the weight of the ash from the 
first result to obtain the weight of pectins 

T&XUlillS. —The *' upple-tnnnin n'action is sometimes em 
ployed to distinguish between cider and factitioun liquids containing 
no apple juice About It) c e of the liquid are extracted with an 
eipial volume of ethyl acetate, the solvent is rirawii off, and poured 
on to lime water in a test-tube. A band of yellow colour develops 
at the junction of the tvo liquids if tho sample contains apple- 
juice The colour is somewhat fugitive. If necessary, 100 c.c. of 

* Offiaal PiildioitioH, Cd. 1808, 1003. 
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the saiiipk* nui\ lir rvnporatcd douii to nhoiil 10 1 * IWoii* iiif! 
the t<nt , 

For (In* Miiiiation of tannin, Fi‘s inHhoil iii<iv In- iisrd 'I’lii' 
mipcnts n‘([uin‘(l an* 

(1) Solution of line acetate. -l)ia*«nlM' 4 5 gnuiis of l*]y^llllll^nl 
xirii* arcl.iti* in uatcr, add atiinioiiiu solution until tin* lucciintati' 
^liriidaird is r(*-dis*>nlvi'd. and luaki* up tho voliiiuo to 2(H) c c witli 

\iat(‘r 

(2) Solution of permanganate, o 558 Cram of KMnO^ per liuc 
(.’1) Solution of Indigo. 1 5 tlrunis of huliliniod indiptlin inc 

diHsol\(‘d III l.'i (* I of pun.* Htilpliiiric Aciii, and uftor standing soiiic 
dnj^., till* volunu* is miido up to n iitn* Kai'li ei* • OtH)l gram 
of tarmiii 

'I'o standaidiM* tlu* pcnimngaiiuto, 10 ci* ot the indigo Hiliitioii 
and 10 ( 0 of strong Hiilphuric and an* {iliuod in a laigo llask, 
logi'dior uitli aiinioiont uatrr to niiiki* tlic Miliinio up to I litn* 
Tlu* pmimiiganati* solution H run in from a Imrotto iiiitil tlic ooloiir 
of thi* indigo IS rhanged to >i*llo\v, and the \ulunu- ii'quiird jiti 
tins IS noted, say N v c Then S' v c 0 01 gram of tannin 
To niiikc llio estimation, 10 c i*. of tlu* cider are niixeil with 5 e e. 
of the 7 ine acetate solution, and ev.iporHti*d in a poreelaiii basin 
on the ateain-batli Boiling v^ater is then added, and the preci[iitBto 
cl /.ini taimate liUcied off, washed with hot water, aiiil disMilved 
in dilute Milphune arid (1 |kt cent hy vol ) This Hohitioii is then 
titrated with the jH-rmangaiiate Siippo.su v < e arc n'quired 
Then fiineo .V c e 0 01 gram of lannui, v c e will 0 01 xrjN 
gram of taniiiu, from Ihr 10 ee of rider, so that iii lot) r.c *»f the 
eider the amount of tannin will be e/lOiV gimii 
Boric acid is generally present in cidei to a small exteiiU 
quantities of the order of OfHki to 0 020 per rent liii\mg bec*n 
found To estimate it, KH) c e of the euUr are mixed with a little 
uftlcium chloride (about 5 c c of a lOpiTceiil solution) e\Hpoiiiti d 
to dr) ness, the re.siduc eharred. boiled with alamt 150 c e of water, 
and filtered Tlio carbonaceous matter is ineinerated thonmghly, 
bub at not too high a teinpi'raturc , then boiled with a fuither 
quantity (150 c.c ) of water, allowed to ataiid in the eold overnight, 
filU*red cold, and the filtrate mixed wiUi the first extract. (As a 
precaution, it is well to make a third extraction, lusting this fwpar- 
ately to show whether all the boric acid has been obtained ) The 
mixed liquids are then evaporated down to about 25 e c , cooled, 
and exactly neutrally with AVJO-add, methyl-orange being used 
aa indicator. After adding an equal volume of glyierol (or prefer* 
ably a few grams of mannitol), the sdution is further titrated with 

1 12 
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Ar/ 20 -aoliJtiou of aodium hydroxide, employing pkenolphthalein as 
indicator this time A little more glycerol or mannitol should be 
added to make sure that the end-point lias been n‘aehcd, as indicated 
hy the pink colour remaining i)ermanent after the addition. Each 
c c. of the A 720 -soda use^d represents 0 0031 gram of HjIIOq 
T he treatment with caU'ium chloride is rlesigned to eliminate the 
phosphates in the ash, which would alToct the titration Ca>jium « 
borate is moderately soluble in water, and is dissolved out on oper- 
ating as described According to Barker and Russell,' the e mount 
of phosphate pre.sent in eider ranges from 0 013 to 0 023 per cent., 
calculated as The ash consists mainly of ))otassiuiii car- 

bonate and phospliate. 

Analyses of various ciders are appimded 

Analyses or ctoru 



T. 

11. 

iir 

\V 


•So. gr 

'l OIKI to 1 03‘i ’ 

— 


Oi|<)77lo 

1 0.70 

Alcuiiiil, pur iM'id . . . 

2 Ttl „ 5 :t!l 

1 10 

.7 10 

.7 1 

7 3 

Uxtracl „ 

ill ,.7 03 

u-to 

3 03 

1 aj.! „ 

3 023 

Hiitfiir 

0U4 „ 7 24 

3 75 

0 0.7 

0 1 

0 3 

AhIi I, 

0 23 „ 1) ad 

0 2rt 

0 27 

0 227 

0 330 

Fixed Hi'id, us iiiiilic, iM*r coni 

0 12 „ 0 3.7 

0 .73* 

071* 



Vulutiki uciil, us lU'otio 

0|i) ,.0 37 




-- 


* Tutiilmidily 





1 s Dovoiishiro, l)i)( til'd culor .\li-i>hi)l hy 

II Kii'iicli, HMuiil „ {f/riffHou) „ Miliiini' 

III M dry 

[V (ii'riiuiii cider {KhIihcIi) „ „ 

Lloyd (he cit.) cuusulers that cider sbould be regarded as " extra 
dry " if it contains not more than 2 per cent of sugar, “ dry if 
the sugar is under 4 per cent and sweet ” if above 4 per cent 
The suggested “ extra dry '* limit strikes one as rather higli 
Barker and Russell- give a number of analyses of purc-juice 
cider, each made from a single variety of apple, and also a number 
representing blends of puro-juico ciders, denoting more the typo 
of cider which liiids its way to the market. Those latter analyses 
are reproduced in the following table 


Blknded fure-juicb cxobrs. 


Sp. gr 

l-OOO 

1022 

1013 

l-OOO 

1-007 

1008 

Aoid, per cent. . . 

0-48 

0 69 

0 32 

0 33 

0 34 

0-46 

Taanin „ ■ ■ • 

0 204 

0-360 

0-212 

0 248 

0180 

0 270 

Alcohol „ 

5 83 

3-65 

4 20 

4-76 

6 07 

4 82 

Solid 

2 412 

0-878 

5-740 

3-020 

3 880 

3 614 

Auh ,1 

0 322 

0 342 

0 308 

0 312 

0 322 

0 346 

Alkalinity, p(*r ci'nt. . 

0110 

0127 

0 095 

0-113 

0 108 

0 020 

|H!r cont. . . 

00153 

0-0230 

0 0102 

0 0165 

0 0101 

0 0128 


» Analvat, 1900, H 125. 


■ /6i<i., 130. 
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Diliilinn (»f with wfihT will f^rnpriillv lx» iiulionioi by 
di'HpKMicv in thr pmnnrtions of ali-oliol and c*vtnu‘t AIIpii (htr 
cit) considers that the original solids of unuatenHl eider randy 
fall below 12 |MT cent when ealeulated fnnn the analytieiil resnlta 
as follows . - 

S.igttrfi.r,n.-nU.d = • ' ’“•Vl't X 

^ I I Aeelie neid \ I 5 

Adding this to tlie per. enlnge of soluls still renmiiiiiig in the sainjile, 
the sum equids the original solids of the jiiiee Indore fenneiitnlioii 
Porry h produeed by thi‘ fermenlation of the julee of fresh 
pears [j re*.eiiibl''s eider eerv elosely. but is gi'iierally somewhat less 
neid III Fiani (‘, a good deal of the |H‘riv pnidueiHl is distilled for 
the faliritalion ol hiu rir The following analyses of Kiiglish 
pein lire mien by Allen 



\\ Hill si 1*1 

I)l‘VUtl- 



«t|iin* 

hlim* 

Hhin* 

iS|. J.| 

1 OJII 

1 01*1 

1 010 


1*1*1 11*111 

l'i*i <i>iit 

L'or (‘l•ll( 

.Mi'iilinl, li\ MiMulil 

ilil 

•1 HI 

3 04 

I'riiDf <4|iiiit 

hi II 

10 54 

7 OK 

ToImI miImN 

(I r»i 

0 40 

4 50 

Vnliitilc III III ,11 1 lie) 

041 

0 35 

0 22 

K|\I‘(I »r III (iis iii.llli } 

0 2ri 

0 1*0 

0 24 

lillli list* 

1*71 

3 OO 

0 30 

Sill HM' 

Ndiii* 

0 31 


\sh 

0 10 

11 2H 

0 30 

niii<iniil •<iili(li 

10 ni 

10 02 

12 33 


IX \vrNi«;s 

Wine, in gener«d terms is the beverage prodiieeil by tin* ferineii- 
tation cjf Iresh gr.i|M's, or of lli« jiius* of fresh gra|)es Certain 
additions an* w'ell nssigribs'd eg, the " fortification ” of soinn 
wines by the addition of a small piofiortion of distilled spirit ; 

eliaptalisatioii " of a {KKir "must" by tho addition of sugar; 
“ plastering " with ealeiiirn sulphato, and the use of sulphurous arid 
or alkali bisulphites os preser\'atives These and other additions 
arc made umier regulations as to tho maxiiuiim quantities and other 
conditions in tho chief wine-making roiintrios. 

In the United Kingdom, fermented licverages of a somewhat 
similar ty|)e, but ippde from a variety of iiiatcrials which may or 
may not include grape juice, are known as “ British Wines ” 
** Sweets," or " made wines," are legal terms for theso products, 
which are described more fully further cfti 
For fiscal purposes, all wine importoil into this country, whether 
made from fresh grapes or not, is classed as “ foreign wine,” and 
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pnvfl a (liit.y of funtorns ; whcrcan BritiRh wiiio is nxcmpt from duty 
HO far as the alpijhol is ponermod 

The forci^'ii wines usually drunk in this eounlry may l>o referred 
to like followiiu' principal types Burgundy, einret, ehampngne, 
luM'k, port, and sluTry 

Burgundy and claret are of siinilur gi'iieral ehnraeter. both hvinjir 
dark red, ‘ still ” wines, nearly free from sugar, and of low aleo^iolie 
Htienirtli, rangiiii' fioin about 12 to 22 jUT cent uf proof spirit 
IJnrgund\, however, is of dilTeient fla\f»iir Iroi.i claret . ha‘< rather 
more l)od\ and is usually somewhat stronger in alcohol Cham- 
pagne IS a sparkling wdiite w*ine containing about Ki to 23 jier cent, 
of proof spirit, with usually a good quantity of sugar S to lb per 
lent or thereahouts- -though the ‘‘ dry " varieties ma\ have ver\ 
little Hock IS a white Rhine wine eithei '‘still" or spaikhng, 
witli uboiil the hRine pro|N>rtions of alcohol and siiirnr ns an' found 
in Burgundy Moselle is a similar type of wine, but jirodiieei] in the 
Moselh* district Port, a product of norlh-(‘HHt Portugal, is a .sweet, 
strongly alcoholic red wine, containing about 20 to OS per cent of 
proof spirit, the HUgar may range from about 3 up to 10 or 12 
per ('('III Sherry is a SpaniHli wine of eharnid eristic llavour, vellowr 
to brown in colour, and Htrong in uleohol, (‘ontainmg aliout 2b to 
3.*) per cent ol proof spirit , Madeira and Marsala are wines of the 
shelly tvpe, but with their own distinctive bouquet Sheiiv mav 
(‘ontain sngai in amount ranging from ml up to 5 per i ent , net oiding 
to whether it is drv or sweet 

Portugal sends the largest ipiuntity of wine to the I'nited King- 
(loin I'rnnce and Spain follow elnsely, and a long way behind 
come (lermany, Australia and Italy A table showing the quanlities 
import(‘(l will he found at the end of this seetion 

'riio better-class clarets, " fine growths " and " riM*?," are named 
after the jilaee of origin- eg, St Jnlien, Pnuillitc (%Urav fxitour, 
CIriIvnn Maignur The Krench white wines, such as Bnrwc, 
(%\tm\i Y'qucm, ftraves and Sauternf, are produced mainly in the 
south-vvcHt, whilst the champagne area is in the north-cast, in the 
mughbourliuod of Rheims and Kpemay Ckabhn is a white Bur- 
gundy wine made in the department of Vonne Beaune ^ Macon, 
and Chamhertin are tyjiical red Burgundies Ihrmitage is a 
purplish-coloured wine from the Rhone valley 

Of the sherries, there are two mam ty[jes— the one, Amonlittado, 
being usiially darker coloured and more spirituous than the other, 
or ManMuUla variety AHcaiUv and Tarragona arc ri'd Spanish 
w'ine.s approximating to the port type Rota tent is a sweetened 
red Spanish w me, utteii used as a coiiiiuuiiiun wine Malaga is a 
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flureotonod, lu‘*riniw rwl vine cnininp from tlie wnitli-eastem (hstriots 
of Spain ^ 

The hiieks and niosidlos (omo fdiiellv fnnn vinovanla in Uio 
noi^hlmiiihofid of Hie lUiine, Moselle, iinil Main Amnnf; the inon' 
noted Rhine and Moselle vines are Stniilnnirr, Johannt'ihfrtirf, 
RittlfJthnmrr, linurnthah'r, HnnftHflrr, ’SirrMimr. and Airh 
fnimtiikh is a ml wine produeed near lliiipeii 

.h/i, Chianti, M antfrn at, !im\ f/irriima t'lnii^ti are llalimi wines , 
Tokajf IS a inite<l sw^'t lIiiTi)!arian wine , ItuaJ, Tiula and hfahnunt 
or Mnh'm^ic are varieties of Madeira wine 
The eoinpiete aiiaUsis of wine r(X|uiros ii liiijre niiinhei of deter- 
minations and tests to he made some are speeified m tho 
Freiifh reirulatuins, ami 2‘< in the GiTmnn \ fairly full ordinary 
nnnhsiH would usually iiielude del einiiiint ions of Spei die pravity ; 
aleohol e\lia<t . aeids total li\ed. and volatile . tartane arid ; 
polarisation, sup.irs . pheeml , ash, phosphates, sulphiiti'S . and 
tests for aititieial loloiirmp matters, topether with tin orpanoleptic 
tests of taste and smell In addition to these, the Vremli reipiin*- 
ineiils ineliide a mienweo]He examination, testa for saeiharin ami 
dextrin, determination of ]Hitiis*niim, snlphuroiis and, ehloridea 
and eitiK aeid , and examination for free mineral ands and lor 
anliM ptios Die (Jeniwiri l••pulatlons indiide, hesides most of those 
,M •iilioin d ahoie, tests for ^•onlnler^•lnl pliicose , nitrie iieid , barium, 
strontium, and eopiK'r tannin , tartarie acid present in the free 
state, as cream of Inrtai, and as tartrates of the alkaline earths 
It will, rif toui.se he understood that iTrliim of these data are oiils 
olif allied in .special eases 

Beyond a eeil.iiii point cheinienl analysis is tmly of limited xnliie 
in ap|iraisinp wine The liner shades of llavour, the “hoiiqiiel " 
and the aroma, which so lurpely determine the quality and xnliie 
of the nmre e\|M'nsive wines are matters for the expert palate, 
not for the analj st i/i/d aiialy-t In his ]irovinc*e he the recopnition 
of the wine as wine i r , as a protliitt of the fermentation of fresh 
grape jniee , the determination of its general i-haracter or type , 
the estimation of its main constituents , the aseertainnient of it.s 
freedom from adulterants , and tho formation of a judgment upon 
its soundness, eoiidition, and general quality But even if he is 
not an expert winc-te.iter, the wine-analyst will find his practised 
senses of taste and smell very useful to him in ileahng with wines 
The chief forms of sophist lent ion to whii’h wine is siihjeet may 
be divided into two elasses . (1) those* involving the addition of 
foreign substances such as preservatives, coal tar colours, and arti- 
ficial Bwoetoninga ; and (2) those in which substances of like nature 
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to tlioflo alroarly proHcnt in the wine aro addend to the wine. The 
second claHH includes the dilution of the wine with water; the 
addition of ordinary alcohol ; the Htrengtheninf; of the must with 
sugar in order itj augment the eventual alcoholic strength ; the' 
admivturo of ferinentod liquors such as raisin wine, gooseberry 
wine, or chler, not derivwl from the juice of fresh grapes ; and the 
addition of glycerine or of cream of tartar, to mask some c/f the 
other sophistications. 

Since the suhslanccs in the .swond class are normal constituents 
of wine, or contain such constituents, and since S(»inc of the additions, 
as already mentioned, are tolerated within certain limits in wine- 
prodiiciiig <'ountricM, it is nei'ossary in the anaUsis to determine 
the ])roportions of sn(‘h mgmlients ipiantitativcly, and to coinjiaro 
the results with recorded statistics, before conclusions can be drawn 
as to the ])roliahilth of adulteration, so far as those ingredients 
are coneenied Statistics of the chemical coin fiosit ion of French . 
wines have Ikm'Ii published by Ca,\oii and hahorde,' and of (h'rinnn , 
an<l other wines there are man) in Konig's \vell-kiioun eompila< 
tion A few tjph-al aimlysi's are included on pp 48!) 4!:0 in 
illustration of the princijial t\ pes 

Apart, however, from the (picstioil of general agnrmenl of the 
Analytical data with those of risorded analyses, (>ach detenu mat ion 
has its own special impurtance It nin\ he* well, therefore, briefly 
to iiKlicate the sigiiiiieaiUM' of the duct dt'tcriiiinalioiiH before pro- 
ceeding to (U'serihe them in detail 

Alcohol. The import mice of this (oiistitiienl scarcely needs 
pointing out It shows, m the lirsi place, whether the sample 
dealt with is the ordinary type of wine, or a “non-alcoholic" 
product , and if the former, wlu4her it is a normal or a “ fortitied ” 
wine It is important per sf, ns the stiiniilniit and intoxicant 
constituent (if the wine ; its amount may help to show whether 
the wine agrees with an alleged description; and in conjunction 
with other constituents it may assist the analyst in forming a 
jiifigment ns to wliether the wine has been diluted with water. 

Extract.-- An unusually low extract may indicate that the wine 
has been diluted or fortifit^d, or that it has been mixed with “ marc " 
wine, which is poor in extract On the other hand, a high extract 
is ehflra(‘teristic of “ eoneentrated " sweet W'i les such as those of 
the Tokay type, which have been prepared by evaporation of the 
must, as distinct from wines which have been sw'eeteiied by tKe 
simple addition of sugar i 

Olyeorol.— This is one of the products of alcoholic fermentation, 

» "Vim,” Appendix. 
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anrl thonioro inu^t ho prosoiit in p4‘niiiiio wiiio. Tlio nitio of 
glycerol to alcohol is rodiiiHl hv the iiildition of iliMillcd alcohol 
lo the wiiU' Also sttiH't wiiios ohlaiiicd h\ addin;; alKihiil to iinist 
mIu* h has hccii hut sli;;litl\ fciinciitod aic iiatiiralK |N>or in kKhtoI. 
whoroas those mIik h an* |irc|Kiinl h\ sucoloiiing iiorinalU fciiiicntcd 
viiiii's contain the normal pro|Mii‘tioii lienee the determination ol 
this muoMlieiit max aisM m dHimguishing iK'twoen these knnl'! 4»f 
uiiie \^ain the ratio of gUierol to aluthol has a tendenex to 
he hi;;li in old nines, hetaiisi* some of the alcohol origiiwdtx ]iies4'nl 
has heen lost h\ cxaporatioii rnfoitiinnlelv honexer. iheie is a 
considerahli* xariation iii the ratio of glxierol to alcohol ]irodnced 
in gemime nine so that the estimation is less helpful than it might 
appear to he at (iist sight The usual lange is from t» to Itl grams 
of Ldxceiol pi r KM) glams of alcohol in red nines, hnt in nliite nines 
the niiivimiim mux he minh highei. readiing lo or Hi and, e\eep 
tionallx ex ell gie.iler xaliiis This xaiiation is tiaieahle to the 
a'tixilics of <lilTeient microorganisms in the niiist Heme 
dedmtioiis drann fioni the ]>iopoitioii of gl)(eiol should he made 
mill eiiciimspci turn 

Sugar. Tlieeslimalion of the total sugar is useful in distinguishing 
hetneen sued ami drx ' miles aiid also 111 the eoh'ulalion of the 
aiiiomit ol nine extrad oiliei than sugar Further, the separate 
('tnnatioii ol tlie dextrose ami la*xiihM* is .sometiim's helpful ni 
distiuguisliini; hetneen ilifTerent kinds ol sneel xune A notahle 
<if l,i>x ulose oxer dextrose iiidn ales a nine to nliicli migiir has 
heen mhh'd and th<*n more or li-s-s fermeiiteit, Kime dextrose is llie 
ronstitneiil of invert sugar most readily destroxed during ferment ii 
turn On the other hand, if the propiatioiis of dextrose and 
lii'xiilosr are sulistantiallx erjiiiil. this max imlieale a fiillx fermented 
xx'im* sneeti’iied iiy maieri'tjoii nith raisiiis, or nine made from a 
ahghtlx fermented must to nhnli nhoiiol has hem added 

Adds. Tim eslimalion of the tartaric add is of xaliie, hei aiise 
thia IS th<' eharai'tiTiHtie iienl of wiiie. and is not present in aoine fniit 
juici'S nliK'h might he used na adulterants eg , apple- and ]iear- 
juieea Mallo add is espeeiallx eharaelenstie of apjile juin' though 
XMIWR also eontain it Citric add may h< lj) to iiidieatt* the iiri*H<*iiee 
of gooseberry or currant n me The volatile adds are of iniporUnco 
08 showing the prognss of aeetous fermentation, and their jiropor- 
tion is used in Frame for inleidating lertnin ratios employed os 
criteria of geniiiiiencss 

Polarisation. Tliw datum may often gixi- useful mfonnntioii 
If the wine is dextrorotatory, pane-sugar is present, or ailde^ 
glucose, or both. If after inversion the wine becomes lavorotatory, 
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rano-fliignr u indiratcd ; if it Htill reniainfi dcxtrorotalory and the 
poluriHaiinn valiict is ov(t 2 25"*, tht' inh^n'iico in that nddod glucose 
iH pniliahly present. Should the original nine be Lnevorotatory, 
inverted rane-nugar is indicated, or liovuloso, or l)oth ; and if the 
Ijpvorotatiim is inerettM*d on inversion, Home unchanged cane-sugar 
was presf'iit Finally, if the original wini' gave no rotation, either 
all the sugar has hiH^n fermented out, or a <‘ompensatiiig mixture 
of dextro- and 1<l*vo- rotatory sugars is present In this ease, if 
inversion ])r(Mluecs a lievorotation, the inf(‘n‘n(‘e is that eanc-sugar 
was present, and therefort' also lieviilost' or other hevorotatory sugar. 

Alcohol, acid, and extract ratios. In France thi‘ lelations hetwi'cn 
alcohol, acid, and extract have been much studied, with the view 
of detiN'ting such falsifications of wine ns tin* addition of water nr 
alcohol Certain mimericnl values hn\e been deduced to which 
iniii'h iin|iorlancc is atinclifsl With wine, howevei, us with other 
products, natural Miriations in the proportions of the constilucnls 
may occur, and the data nblain(*d from the .stnd\ of normal wines 
must therefore always be uwmI with circumspection 
In the following dm'ription the acidity, according to the French 
practice, is expressed in t^*rnis of nidphunr acid, and the weights 
of the constituents other than alcohol in grams /wr iihr 
(1) -Ratio of alcohol to extract. - This is gi\en 1>\ dividing 
(«), the total weight of alcohol, netiiul and i>otential, t»er litri‘, by 
{h) the w'oight of the extrnet in grams per litre, determined by drying 
at ltlO'‘, and suitably eorn-ctc»d as explained below' 

(«) -The total weight of alcohol the aetual alcohol present 
plus what would be given by any sugar in excess of I gram still 
iiiifermented (1 gram of sugar imt litre is regarded as the average 
quantity remnining in normally fermented wine) It is gi\eii by 
the form u 111 - 

IVreentiige of uh-ohol b} volume a S 1 (wt of sugar I) X t) 
Kjrampfv Alcohol 1 1 r» cent by \ol , sugar ^7 0 giums per 
litre Then “ total aleoliol ” - 11-5 X 8 1- (37 0-1 1») x 0 45 
- 108 2 graiiiB per litre 

(ft) -The “extract” or dried residuo of wine will be increasod 
ill weight buyond its true value if non-volatile substances such as 
sugars, chloridivi, and snl{diAtcs have biTii added to the wine. 
Hence to obtain the true value such additiors must be deducted 
from the weight of the extract as actually iletcriniiiiKl. In the 
case of reducing sugars, chlorides, and sulphates, 1 gram per litre 
is regarded as normal to the wine, end only the excess above thia 

* Tho ffictor 8 liore is the rouiul number iwcd instoad of the true footer 
7'04— i.e., the bimkiUo gravity of oloohol at 16* multiplied by 10. 
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is dcductcJ tho<ic iiigrcdicnts, the extract may iMintnin, 

for oxaniple, achlcd citric uiid. adih'd tartaric acid, or luldcd t^lM crol 
Oceaaiunally also iiiaiinito], due to the action of HpiH'ial micro* 
organisms in the fermentation of the Him', may he present In 
general, all added non volatile matters rt‘vealed hy the aiial>Hia 
ahould bo disliictcd in ealeiiluting the cctrrected or “ reduced ' 
oxtraat 
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Then for red \miics the (|u<itient total alcohol -redined extract 
falls hchMS'ii 2 .*) and t o. and for white wines between ;i 5 and II 5 
It licH outside these limits in evccptionnl cnMcs only. 

For ln^tnlnr if tlie (‘\aiiij»l<‘s gi\eii above refer to the Hamo 

I OH 2 

wine, the value of (he ({iiotieiit would be “ - 6 I, wbieh is 

within till' pcriiiissibh* bmit> for geiiiime mamal white wmi‘, but 
would be outside (hem if (he wiiii* in c|ui's(ioii were a rcsl one An 
excessive value fo' tlw i|Uotieiit is eimsidcrcd its pri'.-iiiiiptive cvidi-nce 
that eidici •'iK.'ar has been added to the must or alcoliol to the wine 

Tlie c\ccss of alcoholic strength due to these adiliticms can be 
calculated approxiiiiatcly from the forimibi 

' (total wcsglil of alcohol nsliicc'd extrac t / 4 .> or 0 r>). 
taking the factor 4 o if it is ii i^uc'stion of red wine, or ti o iii the* 
case of a vvliite wine 

(2) Sum of alcohol plu,s fixed acid (A (jautier) In a broad 
eense, the alcohol and the acid in wine air cjuaiilitativcdy comple- 
mentary, so that the sum of the two, within hiiiits, is coustniit 
This sum lies, in general, between 13 and 17 wlien calculated aa 
shown below 

Diride by M the “ total weight of alcohol ” obtained as deacribed 
in the precixling RLc|ion (1), (a). To the n«sult add the amount of 
fixed acid and oiie-tenth of the volatile acid, both (;xprehSL-d in 
terms of sulphune acid and in grams per litre. From this total, 
^b}; way of corrections, the following deductions are to be made 

2 for. cacL gram of K^Oi in cxceas of 2 grams found in 
the analysis of the wine. 
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(ii) Thf* value, in tiTm-t of Hiilphiinr acid, of the free tnrturic 
mid in exies'i of do ^rnin for red wines iind 1 0 giain for white 

•il IIM'H 

(lii) The value, in terms of sulphuiu- acid, of any added foreipi 
acids shown by the anaUuis 

(ii) The ])ro]iortioii of alcohol jircHiiincfl to lie due to added 
sii^ar or added alcohol when the alcohol extract ratio exceeda 4 5 
for fed wines oi fi .I lor white wines, accnrdiii|; to the calculation 
111 (1), above 

With Inith led and white wines, watering is })re^ulned when the 
sum ‘ alcohol { (ixisl acid " falls hi^low' 12 .Ii, or in certain .special 
cnsi‘H, 11 (wines of the Aranion jilains, in the south of l*'ruiice) 

Mxceptioiiall}, lower values than 11 5 are found in pi'iiiiine wine 
Mlaiex’ ^ives thiee categories of wine, in which the niiniiniiin values 
of the sum “alcohol | fixed acid' aie respci tivelv 12. 'i, IdH, 
and KM) 

Whichi'ver mmimuni value is taken, the |H'icent(i)i'e ot watering! 
is ealeulated from the loruiula 

lUd(.S i',) 


where S is llie value of the siini taken as stanrlaid, and N, is the 
value found Tliii.s if 12 5 is the slandaid, and K) h.is hn n toiind 


KMI(I2.‘) 1«5) 
12 5 


s It) per cent 


(5) Ratio of acid to alcohol (Halphen's rule) - This i.s another 
njipliciUion ot the fact noted in (2). that within limits the sum (»f 
the alcohol and the acid iii normal wine is approximatelv constant 
It follows that the acid vanes inverselv as the alcohol jii quantity, 
III evalunliii}' the ratio niimerically, tiu' aciditv taken is tlie fixed 
acid plus 0 7 ns the inaximiim for volatile .leid in sound wine The 
alcohol” IS the peicentage of alcohol by volume The same 
corrections us in (2) are requued for aiiv increase of lixcil and or 
alcohol hy added materials 
Tliiia ifalphen'.s ratio 

^ lixed acid -\- 0 7 

pr cent, of alcohol by vol 

Ejntmple -Alcohol 12 75 jicr cent, by volunie , lixed acid 2'l)r> 
grams per litre ealculatc'd as }]|804 , corrections nil Then 


K= - 0215 . , 

^ Uayon and Labonlc, “ ViJis/' p. 214. 
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Tlip value* of tho ratio (hrn'Ahea as the* ]M*irontA{!r of alcohol increases, 
siiiee the und \aneH in\ersel\ as the alcohol Wil|^ Mines of the 
same kind, the value of the ratio diH» not \ar\ inuili for the sani^ 
aleoholie strength 

Now if Mater i*> added it does not (hangi* tin* \alue of the ratio, 
since both at id and alcohol ure diluted to the same extent Uiit ns 
the ilcoholie stn'iigth is nsliued this iinehunged ratio is not tin* 
one Mhieh omjht to he gueii, if the Mine Men* giMiiiine Tin* loMei 
rjuanlitx of alcohol, if the Mine Mi'ie not Mnteic'd. Mould iiii'an a 
Itiiger jiroportion of acid and therefore a gieater \nlue ot the ratio 
lienee a Iom \alue is jiiesiiiiiptixe exidcmee of the Mine having het'ii 
Miitered 

In |ir;u‘tiee, ciiives aie eemstnuded f(»i diJTereiit i lasses of Mine*. 
Mith oidiiiates shoMiiig the alcoholic stii'iigtli, and nhsi'issa* the 
iieiditv ]ier altoholic degn*!* The* value ohtnini‘d lor Ilalplien's 
ratio IS till'll (oiiipured Mith the eiiivi' for Mine of tin* same class 
13y vva) of illustration, a fcM valiiis taken fioni the iiieuii curve are 
given here 
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(4) Roos's ratio. This is ohiained by dividing the value obtained 
in (2) by that given in (1), any necessary eorn*etioiis Is iiig included, 
as already e.\[ilained In other Mords the* itoos ratio is 

alcohol -r~ lb^<‘d ac'id 
alcohol 

reduced extiaet 

cvabialed nurnerically as dc'seribcsl in (2) and (1). 

For rod winc-s, the* value of this ratio la ordinarily equal to or 
greater thtan .‘1 2, hut exceptionally may be as Iom' oh 3 il For 
white winea, the miniiiiuin value is 2 4 V^alues hi'low them* liinitH 
arc presumptive evidenco of watering This ratio brings into the 
calculation all tliP'e of tlie chief eleineiila in the eompoHitioii of 
wine— alcohol, aeid, and extract. 

Hxample^ - 

fa) Red wine. - Alcohol, 6 5 per umt. , total acidity, 6 25 , 
volatile acid, 0 50 ; reduced extract, 15 80. 

Then, assumizig that there are no other corrections except those 





includoci in the reduced extrai't, we have ; alcohol [ fixed acid « 
Q r» f (11 25 • n 50) 12 25, and alculinl/mluceil extract =- ^ 

12 25 

- 3 28 ; whence Uoiih’s ratio -- ^ — 3 7 


This Mine is therefore normal. 

(6). Red wine. "Alcohol, 7 8 ))er cent; total acidity,^ 40; 
volatile acidity, 0 05, reduced extract, 15 GO 
As liehirc : nicoliol -{- fixed acid — 7 8 -h (4 0 0 05) - 1 1 45 ; 

7‘8 X 8 

and alcohol extract - - _ ^ _ ^40; 

150 


whence Koos's ratio - 


1145 


2 8. and the wine is indicatiHl aa 


hciiig watered. 

Methods of expressing the results of analysis.- In this country, 
the nlcoiiol is generally exprcsiuMl in terms of proof spirit for trade 
purposes, or as perccnhige hy volume for gt‘iu‘inl use 'Phe other 
cunstitucuts arc most conveniently given in grams per 1(H) c c. 
Following the (icrmaii practice, total acid and iix«*d acid are usually 
exprossed in tcims of Inrtane neid, and volatile neiditx in terms of 
iieetic acid. In France, the aeids, total, lixed, and volatile, aro 
all ovuluatixl as sulphuiie ai'id ; the alcohol is given as percentage 
hy volume (or sometimes as grams |><>r litre) ; and the other eon- 
stituciits 111 griims per litre The Tiiternationnl CoiifiTcnee ahieh 
sat at Faris m lilll favoured the French methoil of expressing 
results, cxee|it ns regards the acids, nliieli it was recommended 
should he given in terms of ciilmi cent line! res of normal alkali per 
litre of wine 

We proecwl now to describe the analytical o|MTations 

Alcohol.— A eonvciiicnt quantity of the wine to take is 100 c.c. 
A little more than this is jilaced in a 100 e e flask, the tempraturo 
hrouglit to 15 G**, and the quantity adjusted to the mark The 
wine is then transferred to a distilling flask, and the measuring 
vessel rinsed with ahout 40 to 50 ce of water, whicli is adilcd to 
the main quantity. About 90 e c are distilled over into the lOU c o. 
flask, tlic temperature again adjusted to 15 O'*, and the volume made 
up to the original bulk with distilled water at the same temperature. 
The proportion of alcohol is then obtained in the usual manner 
from the specific gravity of the distillate. ^ 

Witli unliiiury sound wine, the quantity of volatile acid distilling 
over dot's not appreciably affect the s|K't‘ific gravity of the distillale, 
but if the wine is more than usually acid thof distillate should be 
neutralisetl and redistilled. 
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OccaAionally, fiothini; will wrur dnrinit Ihr dutillatinn A (ittle 
.tannin addod to thr wmr will obviate this ; but tin* iu|,ilitii)ii should 
not, of course, be made if the residue in the tbisk is rei|iiired for* 
the deteriiiinatioii of the “ettrael " 

Extract. Make up the nsidiie in the distilling; llask to the 
orij;innl volume nl l.'i(i\ and determine its s|N-eifi(‘ f;ni\ity 
(wAte( - ItMMt) Dediiet ItMKi from this, and multiply the re- 
mainder b\ the correspond iii^ f.ietor taken fiom the followiiif; table 
The n'sult j;i\es the bruins of extract per HM) ee of the wine 


tlUlllliItT 

Fill fill . 

Ht 

Fiii'fiii. 

1 0 

0 JlilHI 

:i.'i 0 

0 J.iSlI 

L' 0 

0 JMNI 

40 11 

(1 J.’.SS 

.‘Ml 

II J.'ili? 

iri 0 

11 J6SII 

4 U 

(1 LMTI 

AlHI 

0 J.VHl 

.'i II 

0 J.'iHl 

.*>.1 41 

II ‘J.VM 

IMI 

0 LTi.S.'I 

Mill 

II i*.v.rj 

711 

0 llJhii 

l»')fl 

11 2rm 

SO 

0 'J.'iSS 

7(MI 

0 L'.iMI 

SI (1 

0 LMTS 

7.> 41 

0 

III II 

0 JAMI 

son 

II -J-VKS 

I'tll 

0 I'.'iMI 

M.7 0 

o.jr»‘i‘i 

JO 0 

0 JAM.'! 

•MMI 

0 JiHlI 

L'»0 

0 LVfhl 

0.7(1 

0 JOOJ 

.11111 

0 2r»Si 

IINIU 

IIJIIOI 

fjiunifllv .S|M‘ei(i<' 

gravity of n 

•s|dl|4> III flask 

1020 3, HRV 

J)(*ducting IIMM) icmiimdcr 2b 3 

Hie l•orrl*s|H>n41ing factor in 

the table IS 0 2.‘iH4, Ihis being the 

4me op|)osife 

2.'), till* nenrcKl 

renuinder to 20 3 

Then the extract 20 3 

0 2.''i84 'OKO 

grams, per 100 c c , t«i 

the nean'sl seeonil decimal 


Tlie siiccilic gnu it \ 

of the ri'sidiit 

• may also he 

caleiiliiti'd from 

that of the original wine and that n 

d the ilistillati* 

If .S', 1111(1 .s '2 

1m» tlie.ie respeelue speeilie gravities, 

tin'll . 


.Specific giavitv of residue 

MHKl { .S', 

-•'•a 


When the proportion of extract is less tJinn 4 );rams per MKt e e . 
it iniiy be deterniined ivith somewhat more accuracy b\ direct 
weighinf; according to one of the methoilN ileseribed below' 

In fully fermented wines, the amount of extract iipproxiinatefi 
to 2 iHT cent, as a mean value, the onlinary range being frr>ni about 
1*3 to 2 5, though both lower and higher values am met with. The 
proportion varica somewhat with the district, the year, the ago 
of the vine, the age of the wine, and the method of preparation 
On the Continent, p much imjiortanec is attai-hed to the value 

of the ratio *^®®**^* as indicating added sugar or added alcohol 
extract 

Coi^uently. a good deal of attention boa been given to methods 
for determining the proportion of extract. In Franee, t wo procewca 
, aro official ; but one of them—thc determination in vacuo-^ 



AIXIOHOL 


evAP, 


roquirinf;, as it docH, from four tn hik days for its completion, has 
largely fallen put of uw The other nu'thiNl is the direol deterinina' 
tion hy exaporalioti of tliu uine iiiul diyiiig the reriiiiue at 100°. 
liy n^ason of the volutiliHation td g1\('erol and the oxidation of 
taniiinH and eolouririg matter!} during the drving, it is neeoHsary to 
proceed under fixed eonditionH if lesults eoniparulde with recorded 
valueM are to he obtained lienee the reason for tli(‘ following 
Htipulution of detiuls 

French ofliclal process ; extract at 100' .'* 'rwenty e c of the 
Hine ani riieasumi into a plutiniim capsule having a flat bottom, 
and with a diametiT of fi .1 cm and a depth of 2 o cm The eapsulo 
IS placed on a steam-lailh ovei an a}M‘rture of ft ( in diameter, and 
the e\nporation coiiIiiiikhI for six houis. at th(‘ end of which time 
the vessel is wiped, allowcsl to cool in a desiei'ator, and weighed 

German odlcial process. In (i(‘rmaii\. tin* method of drving at 
KMr is aUo otlicial tor wiims (ontainiiig h'ss than i p(*r cent of 
e.x(raci, but instead of being drn'd foi six hours tin* sample is 
evaporated on tin* bath dining about foi1\ miniit(‘s oidv, until of 
the coiisisleney of a still svnip, and then dried in the oven for 
two and a halt hours Kifl,\ ee of the wim* are taken if the per- 
eentagc of exiiael does not I'xiec'd .'{ . it belw<‘en :i and 4 a smaller 
voliiiiK' is eni|iloved, siieli that not nioie than I o grams ot extiacl 
aie pH'scmt 'Die platinum lapsiih's eniploved an* of ST) cm 
duimeter, 2d cm depth, and 75 cc capaeit}, weighing about 
20 grains ; the (i|M'itur(‘s of the steam-bath aic of t> (‘in dia under. 

For the preliminary euleuhition, in order to decide how much 
wine to take, it is neiessarv to know the s|)eutie gravilv of the wine 
deprived of its iileohul This nin^v Ik' obtained, us .shown above, 
by deduetiiig the s|HVilie gravitv of the distillate from that of the 
origmul wine • ItHN) The spedfic giavitv 1015 5 eoirespouds 
with 4 grams, and KH 1 <i with 5 grams, of extrai’tives in ItHI e e of 
the wine 

For wines with iiioie than 4 |H'r rent of i‘\li'iict tin* pio|>ortion 
is dediiei'd from otli(‘iiil tables, whieh show the (|unntit,v of extract 
eorresponding with the s|M*eilie gravity of the di'-aleoliolisixl wino. 

Total acidity. -Twenty-Jive ce of th(‘ wine are heated to 
the conimeiiceinent of elmllition to exjK'l (‘urhoii dioxide, and 
titrated whilst hot with deeiiiormnl alkiili, using litmus jiniKT as 
indicator ^ Tlie results are usually expresstxl in lerms of tartaric 
acid (ill France us sulphuric acid) ; 1 c e AVlO-olkah - 0‘0076 gram 
of tartaric acid. 

Volatile acidity.— Fifty c e. of the wine, contained in a 
flask of about 2t)0 c e. capacity, arc distilled in a current of steam, 
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Tho operntii)!! is sn arrHiijrt'd ns to nllou tlir voliinic of Iho vino 
to 1h> ra)mlK rnlucnl to about < .aflci vliirbit isLi>]i( uuistnnt. 
aii<l till' distillation li‘iiiiinati‘il vIhmi tlio \oluini‘ ol the di>tilla1(* 
ia alioiil 2tHt jm- This is litiatiil imIIi .V, lO-.ilKali, iisinij jiliiMiol 
piitlmlnn as indirAtor, and tin* n‘snlt cvprossod in lornis ot acrtic 
acid Oni'cr of A’ Itl alkali (MNNi ^rnin (d acetic lUMil 

Fixed acidity. Tins is friM'ii ||\ tin* dincrcinc ll(•1^\(‘cn tin* 
total iniditx and tin* \o1atiU' acitlit\ can* bcin^ t.ikcn to cxpirsH 
the latici for tins ]Mirpo.sc in terms of taitaric acid Kxaniplc 

Total uciditv tMo? pram |M*r Huicc . astailaiic and 

Volatile tiiiTo .. asai'clii and 

Then li\cd .iiidil\ II iriT IMlTo I ll.'tli.'t t'lani ]ici 
lllli c I , ( \pii*ssed as taitain acid 

III r(‘(ciil Mills a <;iMtd di.il of attcntioii li.is been devotul to 
|ibvsico-eheinnal iintlmds oi evannmiiK vMin* 'I'be aeidil\, for 
instaine. Inis been studied fiom tin* point of mcm of Ibc eoncenira 
tioii of the b\di'oireii ions, as determined )>> tile \eloeij \ of imei'sion 
of siniosr A ^oM'ii ({iiantiiN of siiiiose IS disnohed in tin* wine 
(after aii\ in\ei1asc |iieseiit lias Ihtii dcstioveil), and tin inivtiiie 
kept at a Icmpiraliire ot 7b b\ means of a bath of boilin^r (aibon 
t' traebloiidc hoin tin* qiiiiiititv ofsiiiiosi in\eitul in a ^i\en 
tiiie the in\eisioii (onslant is oUliiini'd ' 

A method of testing wine for flee niiiieial and, based upon the 
variation of the eleitinal eoiidinluit\ when smiiH (|iiantiliis of 
alkali an: milled to the wine, has been desiribed b\ I'oseo and 
I3<;la.sio 

For a lengthy stiid\ of the fixcil oij/anie aeids of wiiie, with 
jHirticiiIar rcf^ard to laetic aeid, sir a paja-r bv (! de Aslia** 

Tartaric acid. Tins is tiic most imjioilant of the fixed 
acids ill wine It is piesent paitlx as the fiee ueid and parti, \ as 
oreoiii of tartar, with a small ifiianlitx of laldiiin tartiate The 
total ainoiiiit may be dctcnniinsl meonlin^ to the Fremb olfnial 
proceed an folloub - 

To 20 c c of till* wine in an Krli‘iinic}cr fiaak of about 2r>0 e c 
capacity in added 1 c c of a 10 jicr cent Holutioii uf potasHiuin 
bromide and 4t) cc of a mixture of equal xoluines of ether and 
alcohol (00 iMT cent T The lla'sk ia ciowd and shaken, anil I ben 
set aside for three da}s At the end of tins lime tin* Inpiid is 

* For (lf>tailfl, KHi UntfNt ami Dulwiix, " AliaJyhP iIch \ ms " (f^rfUiNariiie, 
1012) 

* Annah t'him. Appt., lOliI, B, 233. 

> IbiJ. lots. 9. Im. CheiHimt Ahslmebi, ItllH, 12, 2224 
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deoanted through a araall filter, and tho flask and filter waahed i^ith 
a littlu of th(? ether alcohol mixture The filter ia then placed in 
She flask, about 40 cc. of warm water aro added, and the whole 
digested till the precipitate is dissolved ; the solution is then titrated 
with iV/20-alknh, jilienulphlhalein heiug used as iiulieator If 
n he the nuiiilicr of cubic centinielres re(|uired, the total tartaric 
aeid is given in teriiis of ereain of tartar and in grams per KV) c c. 
of the wine by Hie expn^ssioii w / t)047 } 0 02 The result may 
be converteil into leriiis of tartaric aciil b\ the factor 0 7070 
With wines neb in sugar, il is well to use twice tlie (piantitics 
of aleoho] and ether (40 c c of eaeb) added sc'parately Tlie aleoliol 
IS first well iiuxeil with the wine, and tlie ether adileil aflerwaids : 
this avoids the separation of n synipv laver of sugar 
Cream of tartar. Kv omitting the potassium hiomide, 
the same method serves for the estimation of the ircsuii of tartar 
111 the wine 

Free tartaric acid. This is equal to the diflerence between 
the total tartaric acid and the cream of tartar. c\prc*ssed as tartaric 
acid 

AUcrnativi'ly. the (tennaii oflieial proiess mav he used In this, 
the total tartaric aeid is determined neeordiug to I he method given 
below, iiiicl from this is deducted the alkniinitv of the asli of the 
wiiie, euleulateil as tartaric m-ul I'lie ash from .">0 e <■ (or 2"» c c 
if rich in sugar) is dissolved m ec of X 4- MCI and 20 ee of 
water, heated just to boiling over a small flame to evpil carlioii 
dioxide, and then tiliated with .V 4-Xa(»M. using di>]i»nti‘ litmus 
paper as indicator Kaeh cc of .V 4 MCI iimsI up 0o:j7o gram 
of tartaric acid, siiiec one molecule of potassium cai Inmate is 
produced from two molecules of cream i»f taitar 

A disadvantage of the foregoing prisess for total lartain mid is 
the length of lime required. If quicker ri’sults an* wanted, the 
following method may he used 

To ItK) c c of the wine add 2 cc of glacial acetic acid. Oo c.c. 
of a 20 per cent bolntion of iKitBssium aeetiite, and 1.7 grama of 
|Nivvderod potBssiuni ehhwide Stir wtH to ha.sten the solution of 
tlic last ingredient .Adtl 15 e o of alcohol (f).*) jier cent ), and rub 
the sides of the vessel well with a glass tihI for about a minute to 
promote the crystallisation of the cream of. tartar: then let the 
*whole stand for at least fifteen hours. 

Decant the liquid through a thin asbestos Alter in a Gooch 
crucible, transferring no more of the precipitate than is ncoessaiy. 
Wash the precipitate and Alter three times with a small quantity 
of a mixture of potassium chloride (16 grams), alcohol (20 c.g.)|' 
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arul water (KN) oc ), \Mn% not more than 2(t cr of iliu mixture 
alt(>fi;ctlior For tliiN |iiirpi)sc, n ieHt-tiihe Httnl wilhli wish -hot tle^ 
arrauK^iinoiit of htow-uff titlM*s h ooiiv'onioiit Traiisfor the filtor 
and the tirocipitate to the honker in whieh the pnHipitntion was 
CifTceted, wash out tlio (‘rueihie with hoi water add nhoiit Tit) ce 
of hot water to dissolve tin' ereaiii of tartar, lu^nt to hoilini;, and 
titrnrt* the noliitioii wilh deeinorinal alkali, iismii; delieate litmus 
tinetiire or paper as iiidientor To the netiinl tnimher of ee 
reipimsl add 1 .1 as eorn^etion for the Miliihilitv of the pieeipitate, 
and multiply the result hy tlOlo to pxe the total tartarh* luud iii 
grams |wr KKI c i- of tlie wine 

Citric StCid. I h'lUgeH’.N proi e^*!, otheial in Friiiiee. is us follows . 
Ten e ( of the uiiie aie shaken with iihuiit 1 ^lam of lend flio\idi‘, 
thin iMivtd with 2 e e of a solution of mereuroiH siilphati* (•*> grama 
ol IlgO, 20 ( e of IlgSO^ eoiie . I(NI ee ot watei). again shaken up, 
uikI liltcTed Ki\e or ti < e of the lillnite are raised to ehiillilion 
Ml .1 test (uhe, and one diop of a 1 per irtit Holutioii of potasHium 
peimangaiiate is added After the eoloiir hna diHnt)])eareil another 
drop IS added ; and so on up to ten dro|)M 

Xorinal wines gi\ 4 > oiil} a slight eloudiiiesa under this Irenimcnt 
With t) ill gram of eitrie neni per ItM) e c there is n distinet tiirhidity, 
and when the pi<»portion renelies 0 14 gram and upwards, n Ikwenlent 
preeipitalo is ]irnduced 

The pn-seiue of citrie a<iil lia\mg heeii proved, eomparativo 
experiments with solutions eontaiiiiiig known quantities of the aeid 
Bcrvc to evaluulfi tin- jimiiortion 
Malic succinic acids. - The following method, due 
to Mestrezat, is desiTilasl' hy (ia\oii and liabonle ^ 

Two hiindnsl ee of the wme an* neutralised with solution of 
barium hjdroxide, then \erv slighlK aeidihisl with three or four 
drops of a 3 per cent solution of aeetie aeid, and eoneentratcil to 
15 c.e under diminished pressure 
To the residue, are added 2 c u of a solution of harmin acetate 
(30 per cent ), and sufficient strong alcohol to give about tiO per 
cent, strength in the mixture The pni'ipitato thus obtained is 
filtered and washed with 80 per cent alcohol : it contains barium 
tAiiiate, inalatc, and succinate , gums, pectins, albuminoids and 
tannins. It is taken up with water acidified witii sulphuric acid 
about 3 per cent.), of which 12 to 15 c.e. suffieo to liberate the acids 
rom their eoinbmation with the barium. 

Gtrong alcohol iu now added to the mixture, bringing the total 
rolame up to* 100 c.c. The gums, pectins, and albuminoids are 
I “Viiw/’p. 13tti 
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pri'clpitiitcrl, Icaimfr tho aoUIh and tanikiiifl in tlio alcoholic 
fHoIiilirin * 

To cliiniriJilc tlic liirtaric sn-id, 80 cr of the liipiid arc filtcml 
<il1, Home |iotu<^sii}in chloride and potassium acetate added, and the 
volume IS made up to lOO cc uilh water This mivlurc ih net 
aside for two or three days to allow of the depohitioii of the tartaric 
acid as cream ot tartar Tt is then filtensi, and tho procitritate 
waslusl with 05 per cent alcohol The liltralo n‘tain.s only traces 
of tartrate, approximately 0 01 jrrani per 100 cc, for .vhich a 
eiiire(li\e deduction should he made e\entuAll\ 

In the lilt rate, the malic and .succinic acids and the tannins arc 
a^am pieeipitated hy adding solution of hurium hydroxide in .slight 
e\e(‘ss, faintly aeidif\in^ affain w'lth acetic acid, and adding; strong 
ali’ohol iintd the mixtiiie is of about SO pei l ent alcoholic slrcuKlh 
The piccipilalc IS liltcrcd off, washed with alcohol, and dissolved 
ii» water Hli^ditly aeidilicd w'lth hydrorhloric acid 

The estimalioii of the malic aeid is made hy ovkIiniu;; the acid 
with potassium permaiit;anate, hut bilore this eaii Im‘ dtna* it in 
lus'essiiry to remove the laiiiiins 'fhi.s is (‘iTec ted h\ addiiiK a little 
solution ot nuTcury and aminoinum acetates made up in the follow iiift 
proporl ions 

Mercuric acetate, 25 ^■‘•^ms , ammomiim ncctati*, 1(H) uraiiis ; 
wilier to 1 litre 

.\tt(T lilterm^; olT the preei|kitate priKliiced .ind (‘Vpclliii)' the small 
(luantiU of alcohol pn'.M'iit. the liltratc is aeidilicd with •^ulpliuric 
acid and titrated w'lth A'^5-|M*rmuii};analc Nohition Only the malic 
acid IS oxidisi'd , the succinic achl is unalTcided 'I'n make the 
' ('lul-point more distiint, a known (puintity of oxalic acid may he 
added to the solution Wfore titration, and the result eorrecled 
areoidiiiKly One ce of la'niiiinKanate ()(H)22.') tfraiii of 
malic acid 

The titialcd solution is mixed with clean sand evaporated to 
dryness, and then extracted with ether to recover the succinic acid 
The rcsiduo left on e\Ap<irating the ether ih then titrated with 
standard alkali If any ainall quantity of sulphurie acid has been 
cn-extTRcted w ilh the succinic acid, the unioiint should be determined 
griivmictricnlly and dixliicted from the titration result 

Lactic acid. This acid iM ret^arded as 'X normal constituent 
of most wTues, and cs|HVially of old w'ines The follow mf; method 
of ratiiiiutiiig it, due to Mcinilingcr,* dc|Mm(ia upon the fact that 
barium lactate is soluble iii strong alcohol, when^as the other barium 
iwlta pix'seiit arc insoluble in this medium 

1 ZrificA, A'dAr. Otuiusm., 1001, 1 1123. 
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Take 1(M) I <> <if llio oxpi‘1 tho volntilt* m ulx with Ktcam an 
d(‘StTilM'<l 111 llic loi (‘stimatiii}* tlirM* nenh* iriiiovr (hr^ 

n^ulur til a ponrlain linMii and iii'utrniisf tli(‘ rniuiiniiif; nciilM 
nitli liariiiiii liMlniMiit* Miliition iiHiig litmus ])a|)ri as iiulu'ator 
Tliim add ri tn 10 r c nf u 10 int mit soliitmii i)f Imriiiin cldorido 
rva|M)inl«' tlic liquid tii ahdiit vv and n'slorr tho uriitriility, 
if noA's-ian, with a fi‘w dnqis (if tin* hiiriiiin h\drn\idi‘ sdliitiun 
Now add (ai(‘fu]|\ with (oiistaiit htirimg, smiill quantities uf jiuit' 
alciihol (!Hi |)<T (('lit ) iiiilil the liquid hni a viiliiini' (if 70 to SO r e ; 
traiisfi'i it tn a 10*1 < < fla<<>k. and make the Miltiiiie ii|i tn the mark 
with till* aicnhni Kilter ntT SO e e tlirnugli a dr\ fnided tillei. add 
a little water tu the liltiate. and i‘\a)Miiate it tn dr\iiess iii a 
|iliitinuiii (a|isule [ijiiile the lesidm* eaieftilh, without pushing 
the m< iiieiatinii so fat as tn u'lve a white ash, and deteriuiiie the 
alkalinity of the ash with V 2 ni A' 4 H(1 eniueiting the result, 
into terms nf iimmal alkali |ht ItNI < e nf the wine fine e e nf 
I alkali 0 (to l^r.iiii nf Int tie iieid 

Glycerol. Thnugh rathei lengthy, the (lermiiii nfheial methnd 
nf estiiuatiiii; the gUeirnl m wine is the one wliieh. on the wlmlo, 
appi'ars host tn Use The pmeediire xaries Knnu'whal, lueoiding 
as the wine i*. iidi ni poor in sugar this will alieiuh have las'ii 
d.'lermiiie'l tmiii tlie ainniiiit nf tixeil residue ni ''extrnd," nr 1\\ 
esi I 'nation nl the sugar 

(u) Wines with less than 2 grams of sugar per 100 c.c. tiiu' 
hundred e e nf the wine aie e\a]Mirat(sl in a jHireelam linsiii on the 
wati'r-hiith till the volume is nslmed to ahout 10 ee \tilh the 
residue 1 gram of saud is mixed and then aulheient milk of lime 
(40 per cent htreiigtli) w added to give from 1 .7 tn 2 ee of the 
" milk ” for each gram of extract present The mixtun- w evapo- 
rated to near drynoMs. and 5 e c of Wi ]ht cent alcohol add(‘d 
The jairtioiiH adherent to the aides of the basin an* detaelied with 
a spatula, and the whole niaceroted with a glasa “crualier' to a 
thin cream, small qiiantitica of the atmng alcohol lN>mg added from 
time to time After rinsing oil the H|mtula with alcohol. th( liaairi 
is wanned on the bath with coiibtaiii agitation until ebullition 
commeneea, and the turbid aleoholie liquid jKiiind through a 
funnel into a 100 c c flaak About 10 to 12 c e of the iMl jM*r cent 
alcohol are added ti the pulverulent reairlue in the haain, the 
mixture is again warm(*d and atirredp and ])oured off inta the flask 
This is repeated until the lattei contains about 9.7 c c. of liquid, 
aftor which the funnel is rinsed, the flask cooled, and the volume 
made up to IfkO cc at the temperature 15 0° with mon* of the 
atrong alcohol. After beuig well mixed, the contents are filtered 
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through a foldwl filter, and 00 c c of the filtrate evaporated gently 
^)n the wator-'outh The residue is taki*n up with small quantities 
of absolute alcohol and transferrc'd to a stoppered graduated tube, 
until the volume obtained Is exaetly 15 c c. To this, three separate 
quantities of 7 ."> c c of dehydrated ether arc added, shaking well 
after each addition The lube, closed, is then allowed to stand 
until the luiuid is quite clear ; the solution is poured off ihto a 
tnred weighing' flask providwl with a stopper, and the tube rinsed 
out with about 5 c c of mixed ether and ah'ohol (II ether 2 alcohol, 
both “absolute”) After expulsion of the solvents by gentle 
evaporation on the bath, the syrupy residue is dried in the sU^am 
oven for one hour, allowed to cool iii the desieeator. and weighed 
The result must, of eoiirsi*, he multiplied by 10t)/!H), hh onl\ ftf) e e. 
of tilt I ate were taken for evupornting 
{h) Wines with 2 grams, or more, of sugar per li)o c.c. In sueh 
eases, W) ee of the wine arc taken in a large Mask and uarnuHi 
on the bath, 1 gram of sand is addl'd, and then milk of lime in 
Hinnll quantities until the mixture, at first deej) eoloured, becomes 
lighter and gives off an alkaline lulour After being heated and 
well shaken for a time, on tho water-bath, the mixture is cooled, 
and 100 o.e of alcohol (Ofi per cent ) arc added The })reelpilato 
is allowed to settle, and is then filtered and w'ashcd with nli'oliol ; 
the filtrate and washiiigs an* evajHirated, and the residue is treated 
as ill (if), by taking up with absolute aluoliol, and so on. 

A nioditied form of thii proeesh is proposial In M (lanoniea^ 
Sugars.- To obtain a solution in which tlie sugars may be 
determined and the |)olarisiition value obicived, place 100 ec. of 
the wiiio III a poreelaiii liusin, and iieutrali.se it vxncllif with sodium 
hydroxide solution Then add a drop of dilute aeetie neid, to 
enMire that then- is not even a trace of alkali in excess Tlie very 
faint acidity will not affect tho sugars, w'liercas alkali readily acts 
on them when heotiKl Kvaporate the wine dowm on the water- 
bath to about one-third or one-fourth of its bulk in order to expel 
the alcohol, and then wash the residue into a 200 c c. Desk Add a 
slight excess of lead subacctate solution ; 5 to 10 e c. will usually 
suHieo. If tho liquid is too turbid to judge when an excess is 
jireseiit, withdraw a drop and test it with red litmus paper; the 
basic lead acetate has an alkaline reaction Allow the precipitate 
to settle. Mid then add a saturated solution of sodium sulphate, 
little by little, until tho excess of lead is precipitated as sulphate. 
Make up the bulk with water to 200 c c , mix veil, allow the pre- 
cipitate to settle, and filter the liquid through a diy filter. 

^ iSco Hoc. CAcqi. imf., 1919, 88» 114 a. 
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The polarimeter retuling of the filtrate ia taken in n 2-deiii tube, , 
and multiplied by 2 t<j correel for the dilution • 

A part of the Hltrate (rirt e e ) is llieii inverted h«» divserilied helovv 
under “ Saeeharose,” but iisinp 5 ee of hvdriH lilorie neid and 
niakinj; the final bulk up to UK) e e The poliirinieter rendnij; 
of this inverttKl li<|uid jh taken in the 2-deiii tiilM* iim befon\ but 
muIMplied by 4 to correct fur the double dilution If thin n-Hiilt i» 
lower than the llrnt, hiieclinroso la iiulii'ated . if the two lesiilta are 
aeiisibly equal, saccharose can be nileil out, and onlv the exiiinina- 
tion for rediK'iiiK sii^rars need be priueefled with 
, iSaoeharoHC is determineil in the inverted liquid, and the reiliienif' 
siij'ars in tlio ]iart of the liltiate wlinli has not been inverteil 
Kitlier a gravimetric or a voliimetrie eatimation b\ tni'HiiH of 
I'Vliliii^j’s solution nm\ be einphoed, the liquids to bit testi’d bein^ 
suitahl\ diluted, if necessary, to bnni; their content of snmir down 
to not inoie than 1 per cent if the usual ((iinntitieH arc taken 

The forcKoiiij? process, it may he noted, takes no a roiint of tho 
volume of the precipitate pnaliiced h\ the lead acetate lo the 
2(K) ce llask lienee some ojNTators prefer to proceed as 
follows 

Preparation of the sample. 1 knlnet 2 from t he extract ]>eri i‘ntnKe ; 
the remainder is ajipruximatelv the iKTeentage of sugar If (Ins 
is not greater than I, the wine ih taken without dilution for the 
further operations If gn'ater than 1, dilute a convenient quantity 
80 as to bring the pi'reimtage of aiigar down to 1 or less In either 
ease take KM) e c of the wine, diluted if necessary, nentralian it 
very carefully with sodniin hydroxide solution, add a drop of dilute 
acetie acid, and evaporate it iii a porcelain hiisin to one fourth its 
original bulk in order to expel the alcohol Cool, and make up 
tho liquid to the ongmal volume in a flask which will hold more 
than 10 c e above the 100 e e mark Add 10 c e of lead nubacctato 
solution, faliake, and filter To 00 e e of the filtrate add 0 c e of 
a saturated solution of sodium sulphate, shake,, and again filter . 
this filtrate serves for the sugar estimations. By the addition of 
the lead acetate and sikIiuiii sulphate solutions the volume has 
been inereosed, m effes-t, by one-fifth ; this must, of course, Imj 
taken account of in the i-aleulations, a.s well as the preliminary 
dilution of the wiiv', if any 

(I). Reducing sugars. — ^Twenty-tlve ee of the piepared wine 
are taken, and the reducing Miigars deUTmined graviraetncally or 
WAliimetrically bj' means of FchlingV solution in the usual way. 
rhepolarimetric value of the uninverted solution is also determined, 
ualqg the B-dcin. tube. 
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(2) Saccharose. -Twenty-five* e e of tlio propan'd iiltrate are 
inverted l»y tin* ('lerget inettuNl The li(|uid w jilaeed in a 50 ce. 
Husk, 2 5 (‘ V of strong hydroehlorie aeid are added, a tliennoinetor 
IS plac'd in the li<|uid, and the flask lieaU‘d in a lieaker of water 
till the thermometer shows AH'* The temjK*ratun; is kept belwran 
AH'* and 7t)° for li\« miiuit>es, wlien the flask is cooled, the solution 
iieaily neutralised with eaustie soda, and made up to .50 ee' Of 
this, 40 e V may be taken for the giavimelrn- or voluinetne deter- 
mination of the iiiMTt -.sugar h\ the Fehimg pro<'(‘'«s, a.id Iho 
remainder ii.sed for obtaining the |M>larimeliie value after inversion, 
if this IS required 

Polarisation. When tin* .sugars are not estimated, vve may 
proeeeil as follo\v.s In the «‘n.se of wliite wines, take AO ee, 
neii(rah.s<‘ earefnllv, evaporate on the wiitei bath to two thirds the 
original volume, restore the volume to AO < r , add e e of lend 
subaeelate .solution, and Alter To 215 e (> of the Iiltrate add 
I 5 e(‘ ol a saturated solution of s(Mlium sulphntt' oi eaiboimte. 
Alter, and polarise in a 20t» mm lube The volume i.s in elTeet, 
mereased by one-tenth through the additions made, and the reading 
ot tin* instillment must lie corrected aeeordinglv 

With red wines, AOe e an*evapoiated toone thud after nentialisa- 
tion, liltered, made up to the original volume, tieated with A ee 
of lead siibaei'tale, and re-Altereil To 22 ee of llif‘ Iiltrate, 2 c e 
of sodium sulphate solution are added, the lif|iiid again liltensl, and 
then |Kilnri.sed In this ease, the volume has beim iuereas(*d by 
one Afth 

Red wines aie sometimes diflieiill to “clear’ satisfactorily. 
If the treatment with lead acetate does not suflice, animal charcoal 
may be iis«>d, in the proportion of 5 A grams per 100 e e of wine. 
The iieutralna'd sample, evn|Niruted to one-half, is digested on the 
bath for about a quarter of an hour, and filtered The washing 
of the charcoal must bi* thoioiigh . 200 250 c e of water may bo 
required. The washings are kept a}»nrt from th ■ iiiaiii Altrato 
and evaporat(*d to a small bulk, then added, and the whole mado 
up with water to the original volume 

J Ijuborde^ recniiiiiieuds tn'atment with {Mitassium iieriiiaiiganato 
for decolorising red vviiies A saturated solution of this salt is 
ailded drop by drop to 100 c c of the wine, kept stirred, until the 
rwl colour changes completely to brown, giving in general a precipi- 
tate of oxidisiMl tannins The volume required is noted- -it is 
rarely more than 4 c c , then 5 c e of lead subpcetale an* addAl 
and the volume complcictl with water to 110 c.c. Afi^r being well' 
I p. ICC. 
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stirred, the liquid iti lilton'd, ^iviiit; a elenr and I'dloiirlos, or sli^lilly 
vcllow, fill rate • 

'*Ash. -If the extract hiih heen detenniiied l)\ tlir e\n|N)ra1ii*ii 
method, the residue ohlniiied m.i\ heiiM‘d fm the e-«t iin.it ion of the 
ash OtiKTMise take 2.> ee of the sample for tills detenninalioii 
It is often eoiivenieiit. uith wines eoiitainmi' iniii'li Mi^ar, to char 
andfxlriU't the imus with watei, ns deserdied foi Deer (p I7S) 
Sulphat6S. Deyond (he sul|)hn(es noMnalI\ present, (he 
quantity may lie inere.ised through (lie oxidation of Milphilis added 
for preservutiie pur])o!ies, and h\ sulphate us<>d for “ pljistenn^ " 
I'l) to a iiiaviinuin of 2 ^r.ims per litie (uileiilnted iis potiissiuin 
sulphate), (he lattei .uldition is leiofjuised in eeitain (‘oiintneN 
eq Spain and Italy , the ohjeel Im'IiI); (he < laiilieation of (he wine 
The pieupitateof lah nun (.iitiate puMhit'ed when i .deiuin Milphati' 
IS mi\(‘d with the uiiu* (.ones down suspended Milid matters ns 
It settles, and the potassium Miljihate lesiiltni^ tioni the leaetion 
hetweeii the ealduin sulphate and the ireain of (ait. i teinams in 
solution It is ( liielK III eoiiuettion with (his (lueMioji of “ plaster* 
in^ " tliat th<' estimation of the sulphates is iiiqioitant in the 
uiial,\sis of wine N'ornialK wine eontanis ahoiit 01(2 to 0 00 
gram of sulphati s |h i 100 i e , ealeiihited as potassiuin sulphate 
III (reneral tin sul])hates me preiipitated in (lie wine itsidf, 
llioimh till' ash ( an he used in ordinal \ i asen Kifty e i nie aeidilied 
witli 1 ( ( fif h\dro<'hloiii aeid. laised to boiling, anil if any kiiI 
pliite IS pre.seiit hoded down (o about 'I0 i < to expel sulphur 
dioxide Then to th*' still boding liquid .1 ee of a 10 ])er rent 
solution of barium eliloude an* added diop In drop, the boiling is 
eontiiiued f<ir a few minutes, (he whole diluted with hot water to 
about double the original \ohime and digesti'd for .some hours on 
the nleam hath It is well to let the pienpitate stand all night, 
and to tiller through a double tiltei Tin preupitute is washed 
earefnlly, dried. iginU'd, and weighed The result is usually ex- 
pressed 111 terms of |MitnsHiuiii aulphate 
PhosphatOS. .\bout l gram of oxidi.snig mixture (I |uiit> 
KNflj and .'I fiarts Na^Ctljl is oildixl to .10 ee of (he wine iii a 
platmum tajisulc, the inixtiin* evajairated to druieiM, and the 
residue ineinerati'd In the resulting ohIi, taken up with diliitu 
nitric aeid and hei^ixl to hoihiig for a abort time to convert any 
pymphosphatcii into ortliophosphatf's, the ])hosphiirie acid is 
precipitated with aininoiiiuni molybdate aoliiiiori in the usual 
omnner, and eithyr wcighe I as the aufmoiiiuin-phoaplioniolylidatc, 
or converted *into the ini''n''^Miin ammonium aalt and weighed an 
magnesium pyro])huH[ihate. 
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PhoHphoniH I'xiHtH in wino both in organic couibination, chiefly 
ojn Ircithin, an^l ax inorganic coinpoundH “ Marc ” wines, made by 
Snixiiig a Holutioii of sugar with the “ marc or skiiiH of the grapes, 
and ferinciiting the mixture, are deficient in jiliosphates. On tlie 
other hand, sweet wines that have lu'cn made from concentrated 
" must " havet a high phosphate content 
Sulphurous acid. -This acid may exist in wine, not n.crely 
as dissolved sulphur dioxide, hut also in comhmation with various 
ooustitueiits - eq , aldehydes, sugars, onion ring mattes, and tannins, 
ileiicc the din'cl dctcrinmation by means of lodiiie in Iho cold dot's 
not give aeeiirutc results ; but the Kul])luir dioxide may lie distilled 
off completely lu a eiirreiii of earhoii dioxide, oxidised by iodine, 
ami the I'csultirig sulphuric acid preeijntated a.s ii.sihil with barium 
eliloride and weighed 

'I’lio Kreiieh ollieial pna'css di‘s»*nlM*s a prelimiuaix test to nseer- 
tain wliether the amount of sulphur dioxide piesent exceeds 0 03 
gram per 100 c c If it does, the ilistillalioii mi'tluKl is used for the 
estimation, ns follows 

A flask of nhoiit 400 e c eapacity is tiltisi with a two-holed iiihber 
stoppiT rarr>ing an eiitiaii<*e tube nsu'hmg to tlu' bottom of the 
llask, and eonneeted with an apparatus tor generating carbon 
dioxide 'Hie exit tube is attached to a ]nrg(> INHigot absorption 
tube, of which the biilhs ara eaeh of about l(N) < (' (sipaeity The 

air IS flrst ex)H‘lled from the ap|Miratiis with a current of gas, 

and then 30 to oO e c of iodine solution (ri grams ol 1 |- 7 5 grams 
of KI por litre) are introduced into the I’eligot tiilie The, stopper 
of the flask is raised, and without interrupting the current of carbon 
dioxide, 100 e e of the wine are {lassed into the llask from a ]>ii)ette, 
follow'ed by 5 c e ot phosphuriu aeiil (sp gr 1 flit) After re-elosing, 
the flask; at tlie end of a little time, is heated until about one-half 
of the wine has distilled over into tlie bulb-tube, whicli it is well to 
immerse in cold water during the operation The contents aro 
then transferred tu a lienker, and the sulphuric acid precipitated 
with barium eliluride in the usual manner 
Weight of Ha804 uhtamed a U 274U8 — gram of SO, per lOU c.o. 
The German ollieial method is^sioiilar, except that a Liebig ' 
eunduiiacr is iiiserteil between the flask and the Pebgot tube. 

Gayoii and Laborde^ dispense with the eurreiit of carbon dioxide 
and the large bulb-tube, proceeding os follows 
A flask of 2r)0-3<X) c.e. capacity is filled with carbon dioxide to 
replace the air , 100 c.g. of the wino and 2 c.c. of syrupy phosphoric < 
acid are introduoed, and the flask is ooimected witb^ a spiral eon- ' 
» Vius,” p. 133. 
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denser to which Ih attaehrd a delivery IuIm' dran'ii imi to a very 
narrow bore at its lower end This di|M into a apegul AliMorplitui 
tube, the loner )mrt of whhh is similar to a tost tnlx* mid the np])eP 
portion expanded into a hiilli of about SI) -IlM) e e eapat ity 22 o 
G.e. of iodine .solution (of nueh .slmif;1h lli.it I ee <)()t)2 
of iSOj) an* placed in the absorption tube and tlii^ nine is flistilled, 
gentV at first and afterniirds more rn|)idl\. until nil the aleobol 
has passed o\er The sulphur dioMde is nhsorhisl without loss, 
as the hiihhle.s issiiui}; from the line (h'lneix tube aie \er\ small, 
and lia\e to tra\ei>.e a eolnmii ot KMliiie solution mon* than It) 
ein lon^ If at the end of the distillation thefe is still some iodine 
n'liiaimnu (lie ipiantitv of SO^ present is Icsh than (lOl.'i pain, 
and the operation enii he teimiiinted if thi.s is all that it is leijuiied 
to know . otherwise the liipiid |s remo\ed to a beaker and jiieeipi’ 
tnted with Imnum elilonde n.s usual iShoiild the lodim* show signs 
of heiomirig all used up diiTint^tlie distillation, a further (pinntily 
Is at on<'<‘ added 

Salicylic acid, it is nften sulheient lor ipiiilitative iwir- 
|M)ses mer(‘l\ to add n diop or two of dilute, neutral solution of 
ferru ihlonde to a little of the distillate ohtained from wine and 
oontnined in a |)oieeIniii didi \n\ appreeiahle rpinntit\ of added 
Halu'vlie and will reveal itself hv the violet eoloralion prodmed 
Minute traces, liowevei an* often miliifallv lueseiil in wine If 
there js am iloiiht 51) ei of the sample aie aeidilied with a few 
dni])s of liviliocliloric aeid, and shaken gently with 50 ee of a 
mixture of ordiiinrv ether and petroleum ether (e(jiinl volumes) , 
the ether extract separated, ]iaHsed through a dr\ filter, mid evapor- 
iited sporilaiieouslv to dryness On now te.*iting with a little vi rv 
dilute feme diloiide solution, a stioiig violet or reddi.sli-violet 
colour IS ulitained if salu-ylie aeid is pte.sent in seiisihle ipiaiititv 

To estimate the amount the following process, due to h'l'eseniiis 
and Gninliut,’ may he emploved 

Twenty-fivo or 50 ee of tlie wine are aeidiliod with dilute siil- 
phtiric or hydror'hlorie acid, and rxtriieted repeatislly in a separator 
with a mixture of ordinary ether anrl |)ptroleum ether (erpial 
volumes) From the mixed ethereal extracts the salievhe arid is 
removed by extraction with two sueeeasive ((uantities of 10 or 
each of decinonnal^soda solutiun, followed by two w'ashings with 
^ater. The combined alkaline solutions are run into^ a stoppered 
flaak of about 150 e c. capaeity, and the traces of dissolved ether 
exiled by heating on the Hteam-batlr. The rooled liquid is'ihcn 
titrated in the following manner. 

1 ZatKk. anal. Cham., 1890, IS, 292. 
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Tho solution is first nnitmliHiMl with li\clnK*liloriV ncirl. and a 
(Irfiriilo voluiig* of “ liromim' snliitiori " (12 4UK fTmins rif KHr -{- 
fri.iins of KISrOj |M‘r litic) is iuldtsi, the qiiaiitits (hqwiuliiif; 
ii|)oii till- iinioiiiit ot snlicvlir and wliuli is likely to ho pn‘sont. 
At Inist twice the cpiiiritity of Imiiiiine nsjuircd for the reaction 
(sec hclow) should he added Tiii ec of stronf? hulroehlorie acid 
lire MOW Mill III. till* Ihisk i.s nt once closed, shiiken f'cntly to mis the 
contents, and placed in a cold hath for ton ininntes 

All excess of fKitassuiin UKlido solution (10 ]M'r cent stren^dh) is 
IhiMi run into the Husk, ainl after stniulin^ for li\e iniiiiitcs the 
liheraled mkIiik* is titrufcd x\itli decinoriniil thiosulphate solution 
and stanh in the usual manner To stniidnidi.se the “ hroniine 
solution ” a hlaiik cxpcriinent is i-arricd out in prciisely the same 
wa\ on ii \oluinc ot water similar to that of the ncuhali.scd extract 

The (plant it > ot iodine lilM‘raled m the sainph' will he h'ss than 
that in th(' lihink expiMinumt hy the amount of haloi'c'ii ii.scd ii|) 
h> the saln^lic acid, and from the c((uatioii mvcii hclow, this 
amounts to (i halogen atoms for i‘iich mohs'uh* of .snlic)li( acid 
Mence tlu' diiTeicrice ladwcim tin* \oluiin‘s ot thiosulphate solution 
icipiircd for tin* two titrations, expii'ssisl in iiihic ((‘ntimi*ties and 
multiplii'd h\ gi\cs tin* weiiihl in uiams of (he salnvlie 

acid prcs(‘nt 

Reactions 

(1) (;irj(Olf)('(K)ll I Slir (VIsHr.OMr . IIIHr | CO^ 

(2) (VlJh.lUJr ! 2M (;iljlr,()lx ■ IxISr 1., 

so that iiltimatcK (I atoms of halogen arc usi'il up hv one molecule 
ot siilie\lic acid 

The “ hromine .solution" liherntes hiominc on iKidifMiig, in 
accoidanci* with the iMpiation 

IxMrOj ; rdxlii ' lillCl tiKCl :MI,() , nitr 

Its stri'iigth IS about t)(H giam ot Hr pi‘r c i 

Saccll&rill. For tin* detection of sacchaiin in wine and other 
hc\ (‘rages, two tests an* g('nernlly n*licd upon - (1) the charnclerialie 
swe(‘t ta.sti' of the suhstance, ohtnmcd ns an (‘tlier extract from the 
wine, and (2) th(' (’onversion of t]i(‘ saccharin into salic\lic acid. 
As ri'giirds these, it may Iw remarked that a .sweet taste alone ia 
not ahsoliitcly conclusive, .since it might he due to duh'iii, another 
nrtilieial swei'tcniiig ingredient x\lso. sinew salieylie arid may be 
pix'scnt as such, caro must be taken to remove it before applying 
the siH'ond tost For the quantitative determination nf such small 
protHirtions of saccharin as are mot with in boveragos, probably 
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the inothod is thr oxidiitum of tlir sulkstniicr liy fusion with 
an oxidising inixtiirr, and ostiinntion of the result ill^^slll|lhflle 
(I ) The wine does not contain salicylic add. One inindri'd and 
fifty ('(■ of the sample are mixed with sand in a poreelaiii haMii, 
and evaporated on tlu^ water-hath . '2 ee of \\rupy pliospliorie 
ai-id are added, and tlie mass |^ ext met ed uurni uitli a mixture 
of etjier and |H‘tioleiim ether (e(|ual \olume.s), a ^la^^^ “ enislier " 
Udnet Used to break down the s4ihds during the extriiidion Tlie 
etheieal extract is poureii off through an asbestos filter, and the 
extraction repeated until ^KN) ee of tiltrate arc* ohlained One- 
third of the tiltrate is taken for the (pinliliitne tests Tt is evapor- 
ated to a small luilk, and then remoMsl to a shoit. wide test tube 
nr a iioivelain eiiinble \ .small poitum is witlidrawn and e\apor 
ated (III a w.iteli glass foi tasting if the sweet taste is di>1eeted llii‘ 
remainder of the solution is evafiorated to dr\ness m the lube or 
eriiulile, then mixed with 2 e e of a it per cent soliilion of Htnlnnn 
hulroxide, and again taken to di vni ss The residue is ni>xt heated 
in an nil hath to 2.1(1 for thiit\ inimiteH to elTeil tlii' roinersion 
of the saeiliariii into sahe\Iii and After loolmg, the siilislanee 
IS disM)l\ed m II little wntir, andilied with siilpInirK and. remoxed 
to a separator and extiaeted with ether The ethereal extract is 
washed with a lew drops of water to ieiiio\e an\ tiaees ol siilpliuiie 
Hi id then exaporated to drsnesh and te.sted with a droji or (wo of 
a dilute, ii(‘iitrai solution of fetin (hioiide to ohtiiin the \iolel 
(olour due to saliexhe lu id 

For the estimation, the remaining (wo thirds of the filtrate 
{ - KHt I e of the wine) are evapoiiited to druiess, the residue 
dissolved in dilute solution of WMlinni earhoimle, and tillered into 
a plat muni capsule 'fhe lupiid is e\iipoiuted to dtyness and mixed 
with four or live limis its weight of dr^\ siMlmm enihoiiate , this 
mixtliie Is then added a little at a time to an exiess of jiotussilim 
nitrate kept fused in a ])laliiium eninhle After riHilnig, the melt 
18 dissolved out with hot water, tniiisferred to a beaker, eovensl 
with a watch gluss to pn’vent loss by elTerxeMPiKe, then carefully 
acidified witli hydnx'lilone acid, and the sulphate jimdiiitalcd with 
b&riuni chloride and determined in the usual niaiiniT The weight 
of barium sulphate ohlained •' 0 78.17 weiglit of Kaeeharin in 
the 100 c e of wine taken 

(II.) The wine contains saiieylic acM. The following proeedun* 
is described by Blan'Z^ . — 

^Two hundnxl e.e. of w'ine are, aeidiftefl with 2 grains of H>Tu]jy 
phusphorie agd and evaiKiruted to a iittle leas than half the original 
‘ Uayoii and lAbordts, " Viiis,” p. 261. 
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voliinip After the TTHiiltie han moled aoincwliat, 5 c e of a 5 per 
cHiit Hf»liition of potaHHiuni iMTiimiif^anate are run in, little by little, 
1.1 1 hn-e portions ami stirring after eaeli adilition When the eolour of 
the peniiiiiig.in.'ite luis disa])peareil and the rent tion, which is shown 
li\ the piodiiction of hiilililcs, has teninimled, the (cooIH) solutiuil 
IS e\liiicted with ether For this piirposi* 7tt to 7o ee of ether 
iin* pl.'ieed in a .separator of alioiit 2.1tt ( e eiipaeity, and Titl c e of 
the (irepared wine pounsl iti . the iiii\tnre is then shaken vigorously 
during two or (line ininiites, and this shaking is repeated two or 
thiee tunes Alter M'puratmg, the extracted wine is lun oti. and 
tin* rest of the pre|Hired w'iiie is |uis.sed into the same etlier and 
liealed III tin* same way The ethereal solution is now allowed 
to seiNinite eompleteh, piissisl thioiigli a iilter, and evaporated to 
tlrviiess , the dr\ residue can now Is* tested as hetore by the taste 
and the (oiixersnm into salie\lie acid 

The presenee of salie\lie aeid in the wine does not, of eonrsi', 
alTeet tin* cWim/i/iVj/j of the Haeeliiirin hy the sulphate jimeess des- 
erihed above An npproMiuato estimation of tin* saeehiiriu. how'- 
e\er, can also he made by noting the depth of eolour given with 
ferm* ehlonde in the fusion test for sneehuiin earned out on wine 
treated witli |M‘rmangnnate as above desirihed, eomp.ired with the 
colour obtained from Known (piniitities of saln vlie acid One 
hundred and thiitv eiuht paits ot the lattei aie given by 182 paits 
of saeeharin 

Dulcin. In onler to deleet this artiiieial sweetening siilistam e, 
.'i(M) ee of the wine are iiiixid with 20 grams ol lead eaiboimte 
and evaporated on the water luitli t<» a |sistv eon^lsteue^ This is 
extracted re)M'atedly with ahohol, the extract eva|N)ruled to dry- 
ness, and the residue extnu'tisl with ether On evaporating the 
ether, dulein is left in the ri'sulue, and mav Is* identilied as lollows : 

(i) A portion is iiiixeil with ahoiil o e e of water in a test-tube, 
and 2-4 drops of a sohition of mereiine nitrate aie added The 
tube is then heated for live to ten minutes in boiling water If 
dulein is prest'iit, a faint violet coloration is obtained, wliieh becomes 
ilee^M'r on adding u little lead dioxiile ^ The niereurie nitrate solii- 
iioii is made by dissolving 1 -2 grams of freshly precipitated mercuric 
oxide in nitric neid, diluting the soliitiun, and adding cauatie soda 
solution in siinieient ipinntity just to give a little jiermanent pre- 
cipitate The luiuid is then diluted to about 15 re, allowed to 
sidtle, and tile clear (Kirtion decanted off for usi'. 

(it) -- Another iMirtion ofithe residue is mixwl with 2-3 drops 
pure phenol and an equal volume of strong siilpfiurie, acid, and the 
* JuriiHOii ; V. y. Hec. Chm. Ind.^ IdOO, 16. 020. 
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■lixtiire heati^l to boiling for a short time AfW CiX)1ing, a little 
of the product ix ixiurod into a tt^ht-tubi', aster ai||ilcd to about 
half fill the tulx*, ciiul the niixturn shaken up a <‘11 t)n eHn'fiill}* 
pouring a little ainiiionia or mMlium hydroxidt' solution on to the 
liquid, a l>hi<‘ ring is obtAiiUHl at the surfaee of eontaet if diilein 
a as pn‘sent 

Tannin. An iipproxinmle evaluation of the tnniiiii, of the 
nature of a rough iirelimiiuirv estimation, is gi\en !>> the folloaing 
German ))roeesN 

Take IdO e e of the aiiie, ex^iel the earlKin dioxide, and iieutraliKe 
the free acids, if necessary, aith atandanl alkali so far as to obtain 
an acitbty of tt o gram jkt ItM) e c . eahmlaled ns tartarie acid 
(Take the (olal acidity, a]n‘ady deteriiiimsl on nnutiier portion uf 
tlio \viiM‘, SIS a giiiilc to tile amount of alkali to he added ) 

Add I e c 4if a 4(1 per cent wiliition of siHliinn acetate, and (hen, 
drop hy drop, a ID [ler (s*n( solution of feme ehloiide until no 
further pns'ipitali* is piodueed Kaeli drop of ilia feme elilorido 
solution pieuiiitates DD5 gram of (niiiiin 

For the inure piecise determinalmn of the taiiiiin in aine the 
iiiethiMl ( 1*1 s) (li'w ribed under “ t'ider *’ (p IMI) ina> lx- iiw‘d, with 
the following niodilieatitm 

Ten c i‘ of the wim* (or 5 if iieh in (aimiii) are plsieed in a porc(>luin 
II. 1 SII 1 , and o < e of the ammoniaeal aeelate of /.me added The 
* mixture should he alksilme, and (uiii broaii , if not, a few drops of 
amiiiouia solution aie addisl Kviipoiate the h(|iJid on the aider 
hath until the \ohiiiio is redmed to one-third or less, then add 
' boiling auter e([ual iii ainoiml to the oijgmui volume of liipiid 
evaporated (15 or ID ec ), raise to boiling over n ilame, and liltcr. 
Wttsli the precipitate thoroughly aith hot aaler, and (bssolve it 
in dilute .sulphuric acid, including any traces remaining adherent 
to the basin 

The Bcid solution thus obtained is diluted to a litre, ID c c of 
the ataiidard indigo solution are added, and the imxturo titraU'd 
with the permanganate solution Let e be the number of e c of 
permanganate required 

If a = the number uf c c of wine taken ; b the iiuinlter uf e e. 
‘1^ permanganate required to oxidise 10 c c of indigo milutioii, and 
X Uio tannin content of the wme, in grams per 1(K) e c , 

100 c-b 

j: = («-») x0001 ^ = 1 ^ 

% 

The method hlu been found to give 03 per cent, of the tannina, 
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and the result is tliendnre corrected nccordiiiKly, 80 that finally 

U)0 c-h 
* ‘tt ' 

(‘--h 

0 ]()7 

n 

Artificial colouring matters. The Frencli official 

tests for tin* pi’eseiice or nhsence of forei^oi colours in vine are ns 
follows 

(«) Fiftv cc of the wine are mnile slightly alknliiie vith nm- 
iiionin, and slinki'ii with uhoiil 1.1 cc of coIouHcsh (iin\l alcohol 
The latter should rciii.'iiii iiiicoloiin‘d If Mt it is dccantcfl, liltiTcd, 
mid iK'idilicd with ntetii* and , it should still n'luain iiiu-olourcd 
(/j) Treat the wine with a Ht ]ier cent solution of nicriiiry 
acetate until then* is n«) further eliaiii:(‘ in colour, then make the 
inixtiirc alkaline with slight excess of inai^nesia lind and lilter , 
the lu|uid inadi* sli^flitlv acid with dilute sulpliuiie acid slmuld 
remain uiK'oloured 

(r) Fifty e e ol the wine are taken in a poieeluin dish (7 8 cm 
diaineter), on<‘ or tw'o drops of dilute sulphuric acid aflded, and a 
tuft of white wool Hod tor exa<tl\ li\e niinutes, adding boiling 
water as the lupiid exapoiates Withdi.iw the wool, and wash it 
ill water It shouhl he sea reel \ tinted, of dull lose colour IMaeed 
III ammoniaeal water, it .should assume a dull ^leen tintze * 

'rhe.se tests remliU show wliethei or not a wine eontaiiis aniline 
colours The ideiitifieiition of the |inrtieulm eoloui.s, if found to he 
present, is often a tioiihlesome task, and not iismilh worth while- 
attempting Added xegi'tidde eolouis are espeeiall_\ diflieult to 
detect, b\ reason of then simihiritx to those iialuriilU piesent in 
the wine 

Detoctlon ol cidor in wine.- Aceoidin^ to .Medm^iT and Michel,^ 
when 1.1 ee of wine are .shaken with a few ei of eoiieeiitrated 
Molutioii ol sodium nitrite a hii^lit \ellow or x ellow ish-brown 
coloration is ohtained if the wine is ])ure, wlieieas eider or ja'rry 
is coloured diiik-brown oi hrownish-hlaek. and a brownish black 
precipitate scpaiates Thia precipitate is insoluble in waU‘r, 
uk'ohol. or ether, hut dissolves (o a red solution in iU|iieoiis alkali 
Wines when treated with both sodium iiitiite and potassium 
lixdroxide give a yellow <‘oLorution, whilst "eider and jierry and 
mi.\turesof these with wine xield a pure red eoloration. 

» L'htm Xnt . l«18. 42, 230. Sw also S, Iiulli<, thU . o37, .Vi7 
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\ liurnsu WINKS 

Thrsr lire iisiiall\ nmdf* h\ fi'rnictitiim Miliitinns of sij^ni \iilli 
which \niiiMin in|;ic(licnts an iiiivhI hi oirln to iiiipiirt. the imr 
ticiilar lhi\oiii oi (hanicter rc«|iiirc(l The imiMipal knids me 
(iiiifrcr ()rao<;i' Kaisin and Rlinlmih Wines, hut a iiiiinher of 
others sueh as (‘o\«sli|i, Kld(ilieii\ (Ioos(]n'M\ and Damson \Mnes 
li.ive a (crtam ^o^lle nioie es|M‘(iall\ as doniestif )Me|Nirations 
The\ aie all m< hided within the lefral term Mie< t^ oi made wines."* 
which are delmed as \n\ liqiioi made fiom fiinl and siif^ar. or 
from fruit oi sii^ar mixed with am othei in^iedieiit. and which 
has under (rone a jinie««sNof fermentation in tin* mamifai tine thereof " 
(Fniame (ItfiiiJ Hi) Act. <■ s s It the wini‘s are made loi sale, 
the moniifaetiiier is leejiiired to take out a makers hi’cnce No 
tax is iiuposed ii|)oii the alcohol priMliiced hut thc‘ seller of Jtnti.sh 
wines must he clulv lici'iised for the* sale 

Fruit juue. it will he seem is not necessarily an niifredient of 
Britiah wines 'J'lie c hiirac teristn- tln\our of pn^rer wnic, for in- 
stance, lb ffiven h\ pii|!er rhi/onie, of orange wine Im orunin' pc'cl, 
of rhubarb wine by the rhubarb stem This, no doubt, in why the 
legal definition hos besm made so wide (Hher fruita than thoHc 
mentioned above, iioweyer, an- often employ eel Sueh are, for 
instance, ciirrantN. piiiiu'N, and applea Moreoyer, a JlritiHli wiiie- 
mlker may, for tlavcfiiniig piiriiobeh, mix with Ins prcaliiet a pio- 
portion of foreign wine, not execHsling fiftc'cii jiartH to the hundred. 
Im^rted grajM* " must " is fermented ig this country, an also ftn* 
“ musts ” of eurrahts and raiHins, to pnxliiec* a ' bahiN " wine, 
' Siif iiiitr At ttu; end »f llim n-Lluni. 
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which can be flavoured in different ways to make various produota; 
such as Britiph “ port " or “ claret '' 

British wiiics are iiflualiy well MwectciuMl, and mostly contajn 
from 10 to 20 ]H'r cent of proof spirit (0 to 15 per cent, of alcohed 
by volume). Oecaaionally Mimowhat higher percentages of proof 
s[iirii are found up to 20 {mt cent or so- in these cases the wine 
has ])robab1y been “ fortifled *' with alcohol Lower amounts than 
10 are not infrc(|ucnt When quantities of the order of 5 or 
]>cr cent (»f proof spirit aro present they an' usually due to the 
fermentation, tlirouj^h carelessness, inadvertence, or design, of so- 
called " iioii-aleoholio bvvenigi'S. 

Preservatives an* fairly common in British wines Sulphurous 
arid is the most fi\‘(|uent , it may bo derived either from direct 
tr(‘atment of the wine with the acid or a sulpliite. or from storage 
m casks which liad been “ sulphured ” The quantity ranges in 
general fioni nicie traces up to 0 02 gram per 100 c e . hut larger 
amounts urn not uncommon Salicylic acid is ooeasioiinll) present, 
though much less frequeiitl) than in tin* nori'nleoliolK* *' ])repara- 
tions mentioned latui on Boric acid is also often found in small 
quantity, hut where the piopoition is less than 0 0(M gram per 
100 e.e it IS probahl} attributable to the imtiiral juue of the grape 
or other fruit einplo;ied {Small quantities of fluorides have been 
found oecasioniilly 

Artificial colouring substances nio not mueli used in alcoholic 
llrilish wines, though no\i and then an aniline < oloiir .such as “ Fast 
Bed " is found 

Copper 111 .small quantity us oceasionnlly present in British wine, 
a.s it IS in foreign wine 

As there arc uo restrietiuiis (other than the general prohibitione 
of deleterious substances) upon the ingredients which may be used 
in makmg British wines, most of the problems of analysis are 
simplified compared with those of foreign wines Jn general it 
suffices to determine the specific gravity, alcohol, fixed and volatile 
acids, and sugars ; and to examine the sainplo for mjurious pre- 
servatives and colouring matters The flavour charactcristio of 
the particular variety of wine which the sample purports to be 
should, of course, be present : a genuine raisin wine must have the 
raisin flavour ; a ginger wine must taste of ginger This is a matter 
for the palate 

The following are typical analyses of the principal kinds of oloo- 
hoiic British wines ordinanly sold in this country. With the ez^^ 
tion of those for specific gravity and proof spirit, all the figuiea 
denote grams per 100 c c. of the wine. 



HMRITUOUB BBVKHAURS 


517 




AUDHOL 


CJUP. 


ri]8 

-Vo/f TIm; tonn “hwi-otH" appears cm Un* Stiituto Book 
III ‘ NUiM'ts or iiiivrd Iiipiorn " In l() nml 11 Will HI., IGOU, 
HuiM'ls arc said lo lir ( oininoiiK iisrd " for preparing or improving 
“ an\ Im|ii(ii called wiiic " The term “ made wine " appears to bo 
first mentioned in I7II7 (H) (leo II, <■ 17) " Forinenlation ” an 
a neeesscir\ eondifion is first laid flown in ISfiO , 


\l MKDIC.ATKI) WINKS 

These aie wines eoiitainmg meilieinal driigs. ami an' Upifallx 
represeiitf'il liy the six medieateil wint's of tlu' British Pharma- 
Mipo'ia. nameU Aiitinionial Wine, f'olehuiim Wini', Iron Wine, 
Wine o| lion (*itiate, Ipi'eiKiianha Wme, and (jiiimni' Wine The 
li.isis m.i\ he (MthiT a fomgn wine oi a British wim' , thns of those 
III the above list the pieparations of iron eitiate anti i|ninnit‘ are 
made with orangi' wine, and the othi'rs with sheriv 

A iinrnlN'r of wme'* art' sold whith eontain small ipiantities of 
meat extract or null extiaet, tn both These are fietpientlv 
reft'rretl to popularly as “ meilieated " wint's, though the\ eontain 
no mediemt's, hut onl\ niitrinienlH, as tin* atltleil siihstanies Such 
artieh's are not it'gardt'tl ns mt'tlienletl wint's h\ tht' Biitish re\('nu(' 
iiuthorilieN To etmie within this entt'gou tht' wiiii' must eontain 
a metliemal thug, or drugs, anil in such proportion that the wine is 
essi'iitialK a metlieiiit' 'rinis a .Meat ami Malt Wint' " is not 
a medieatetl wme. hut a ‘ meat ami mall wme with quinine" is 
so, ]iro\itletl that the pnipoitnm of (piiiime is eipial to that m the 
ollieiiil " Quin me Wine, ' nnmeU 2 giams in H7.'> ee, or 1 grain 
pt'r lluitl ounee, enleiilntetl ns (pimiiie liMliia'hloride Further, the 
wine, if iieeessarN, is n'quiied tti 1 h* math' Itit) iinpalatalde for use 
as a hoerage Thus eoen wme must eontain not only a certain 
proportion of toea alknloitls, hut also a suMieient tjuantity of the 
extract of coca lea\es to render the article uiqialntahle, if, for 
reveiiiii' purposes, it is to he reg.irtletl as a medicated " wme 

The propttrtioii tif alcohtd in medieated wines is, in general, 
substantially that m the wme used ns basis, .since the medicaments 
do not, a.s a rule, gmith alter the volume of the wine Quinine 
wiiu' contains nlKuit 2*1 to 28 {K'r cent of proof spirit (13 to 16 per 
cent of alcohol by \ohiiiie), and iron wine about 20 to 32 |ier cent. 
t)f proof spirit (la to 18 3 of alcohol by uiliiine) The more popular 
brands of " meat and iiiaU. wines an* iisunllx made with fortified 
red wines, anil contain about 20 to ^14 {ht et'iit of proof apirit 
(16 6 to 16 i) of alcohol In volume) Wines eontaining much tannin 
are not v^ry 'suitable for meiliention with quinine, as a precipitata 
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of qiiijiino tanimtt* is (luring htitrugi* In Mich ciim-s it is 

bettor to nso “ (h'lannatcd ’* umo ic. Mine nhicli has Im'oii 
fcroati'd with gi'latin to rcninxo (‘xco^s nf Innnin * 

Till* nnnixsis nf Micdiratrd wines follows the lines nlreiidx iiidi 
ciitoil, sfl far as max he iieiessaix su|i|i|emeii1ed hx a deteniiinnlKin 
of th(* iikmIk nineiils |iieseii( |( \ii]| Miiliie lo gixj* oin* oi (xio 
oxamples of the la I (it eshinalioiis 
Quinine wine. I'oi detenninalion of i|iiiinne ullvaloids ."id <■ e 
art* taken eonxenwnlly in a llNi ee exiindei lilted with a blow 
off arrangeiiKMit similai to that of an ordinal \ wash hotth* Tin* 
wine IS made alkahne with a few di(»|H of strong siilntnai of am 
nionia, and e\tra«ted three times with ahoiit od e e of ether (‘Aeli 
tiiin* The (‘thereal sdhitions aie hlnwii oil into a lared llask, the 
ether is distilled olT, ami tiu' lesidiie diied and weighed Thi‘ 
result max’ he < lie« ked h\ dissolMim tin ueiulnd alkaloid in a 
mixtiiii' of aleohol and (‘tliei (eijiial xohiines) adding water and a 
litth* fiisldx jitepaied aholioln sohitioii oi ha>mato\\hn and 
titrating the li(|iiid with demioimal add Kaeli ei H‘(piir(‘(l 
-dd.'iJt giaiii of alkaloids uddilatisl as aniixdroiis (piiniin* 
Coexlraded ioIoiimiil' inattei. Iiowexd sonielimes masks the 
endpoint (d tin leaMnui If tin weigind lesidne is ohvioiisly 
''Oiilaminated it i- well to piinfx it hx dissolxing in lixdroehlorie 
b.< id, extiaetiiig tin aeitl solution with pi tioleiim ether, then making 
alkaline again with ammonia and < xtiading with ether as ladore 
Ipecacuanha wine, nm- Imndietl i e of the wine aie taken, 
exaporated to ahont .‘id et to leinoxi the nleiihol. and trarisfi*rn‘d 
In A sepnratoi The Inpiid is Ind made sliglillx aeid with dilute 
Hulphiirie Held and (‘xtiaeted twne with ether, the etlmreal solutions 
hiMiig separated mixed wie^hed twne with a little watiT, and the 
xenshings added to the mam ipiantitx This is now made alkaline 
xvith ammonia and exti.ietfsl llm'e times with ehloroforni, using 
about 20 (■ p of soixent eadi lime Tlie ( hloroformie solutiona are 
passed through a small tilter into a tami heaker, the filter washed 
with a little ehloroforni and the solution exn)mrnted down to a 
bulk of about 2 ee To this an* added o ee of ether, and the 
evaiMiratinn is eoiitiniied to drxness at a temjHTatiire not exceeding 
Ni)”, the residual alkaloids iieing then weighed, after cooling in a 
dcaiccator 


Xir. ‘ NON AU’OHOUfJ ” 

A conaidcnflile numlier of beverages am sold under tliis deaigna- 
tiun. Some contain graiic juice, unferniented, but the majority 
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arc solutions of sugar, coloured and flavoured to imitate more or 
less closely (Xie or other description of wine. They are not in 
general strictly non-alcoholic, nor of course nn» they “ wine,” so 
tlint the designation is Nornewhat of a misnomer from any 

([iiestion of adventitious fermentation, the alcohol they edntain is 
due to the use of s^iirituous flavouring ingredients Thus a “ non- 
alcoholic ginger wine ” may bo flavoured with tincture of gtnger, 
ail orange wine “ with tincture of orange, and so on. Various 
“ wine essenees " are sold ready-made, needing onl> to be diluted 
with syrup in stated proportions to prmluec the required beverage. 
One su<‘h eummee, for example, is as fnllnw.s Tincture of ginger 
4 dr . tine.ture of ea|)sicum 3 dr , tartaric acid ti dr . caramel 2 o*., 
water to 4 oz To lx* added to a synip made by hoiling 4 lb of 
loaf sugar in 125 oz of water Tlie finer essenc es are spirituous 
HolutioiiH of various esters such os omanthic ester, ai'ctir; ester 
and nitrous ether, with flavourings of \anilla, almond, and other 
(‘sseiitial oils, tartaric or eitrie acids, and colourings 

So long as these “ wines contain not more than 2 [ler cent of 
[iriMif spirit, they arc regarded by the revenue authorities in this 
country as non-aleoholic, and acdlers of them are not reciiiired to he 
licensed for the sale, though the " wines ” are dutiable as “ table 
waters ” They do, in fac’t, usually eontain from 0 5 to 2 per cent, 
of proof spirit, though somewhat larger proportions are oecnsionally 
met with The ]iroportion of sugar is generally liigh, ranging from 
about 15 up to 45 grams ]ier l(N) ee. or e\en more. Siilie^he. 
a(*id IS often found as a preservative in these “ non-alcoholic ” 
preparations, as are also sulphiiroiis arid, boric acid, and oceasioii- 
all\ benzoates and lluorides Artiiieial eolnurmg matters are also 
often present; among those whirh have lu'en ideiitilird are ' Arid 
Brown Ri'd, Aeid Magenta, Fast Vellow' Bed, Orange, Qumnline^ 
Yellow', Uesorein Brown, Tartraziiie, and Xylideno Scarlet 

\\ill MlSOKF^LANEOrS ALCOHOLIC BKVKKAGIiS 

BartZSCh.— Infusions of the leaf -stalks of the hogweed 
( Iltrackum sphondylium), fermcntiHl with yeast, have been used oa 
•pirituons drinks from time immemorial in North America, Nurthem 
Asia, Persia, Russia, Poland, and Silesia. The name “ Bartzsch V 
is given to. the beverage in the two last-named countries.^ In 
Russia it is uacd in the preparation of the soup ” Borchtsoh,” m 
welf as for drinking. 

Kephir is the national beverage of the inhabitants of tb0 
1 Hartwich (AUt.), Fr/fik. PAam.. 1018, 120. 
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(iftacMUS, and has also been used a good deal in Kuropo during the 
last thirty years. It is a nourishing bevornge predured hy the 
fermentation of milk >rith “kephif grains," (‘ontnining rertaid 
yeasts and laetie acid hucilli These organisms agglomerate in 
the forAenling milk, forming lumps, with cauliflouer-like appear- 
ance, which can easily be .separated from the liquid and iiseii for a 
number of sueeeasi\'e fermentations Kephir ferment from dilTerent 
sources may apparently contam <Lfferent varieties of yeasts and 
bacilli, ns several micro-organisms have been isolated ^ 

Cow’s, sheep’s, nn<l goat’s milk arc used for the pre|)nration of 
kephir, the two last especially in the (’iiueasus One method of 
making it is to proceed as follows 

Half a litre tif milk is aterilised hy hoilmg, cooled to about 18-2(1", 
and then mixed with not l(‘s.s than 12 grams of the ferment Tlii« 
mixture is allowed to staial in a (siviutsl vess('l, with oeensioiiitl 
stirring, until it eurdles, whidi iisualh fK'imrs within thirty liours. 
The ferment is then removal by iiieaiiK of u course sieve, and the 
milk allowed to undergo afUT-fermentation at the ordinary tempera- 
ture, in a bottle with a servw stopper From time to time the 
bottle is well shaken, and the fermentation allowed to continue 
for 12-24 hours until the desired degree of acidity and aeration 
with carbon dioxide has heen reached, when the product is ready 
for consmiqition It is a pleasantly-aoid, creamy liquid, which is 
often taken niedieinally 

According to Kunig, the a\ernge composition of kephir is . -- 



IVi iviit. 

W utlT 

0U21 

Alcohol 

0 76 

Knt 

144 

Sugar 

2-41 

Idivtic ni-nl 

1 02 

PmtciiiN 

.7 40 

Ash 

0 08 


100 00 


Koumiss is a spirituous beverage obtained by the fermenta- 
tion of mare’s milk. It is the chief ■piritiious drink ubchI by the 
Tartan and other nomadic peoples of the Russian steppes It is 
made by adding one port of old koumiss to ten of fresh milk, warming 
fqr two to three hours at 20-2o^, and maturing in bottles. In 
Switaerland, an imrUtion of the KuBsiaii koumiss is made from 
oow’s milk, skimmed, which is sweetened a litUe ani fermented 
wjth yaaat. The preparation contamiiS to 4 per cent, of alcdhol, 
pith 2 per coqt. o( sugar and 0 2 per cent, of lactic acid. 


*^BoaQebBrg, ZBUteh. Spirilutind., \\9i2, ||, 170, |77, IBi 
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Sak6 iH a •JapaiicHf h|iiritiu»UH drink jai'jiarrd 1>,\ tlio formcnta- 
t^<»n nf lar ultli lh(‘ mould AHpntjillu’< nnpae Stoamod rice is 
aprend out on mats and mixed uith a (‘iilture of the mould, which 
d(‘\elops and part I v sneeharitii‘*i the ^ta^l'h duiim; its frrowth 
The inaNs is kept from the h^ht, and tinned eaili da,\ dniiiTg three 
or four da\s Tlie culture thus ohtamed koji ) i.s used to fer- 
ment A smidl maali of more .steamed nee, and the product in itH*tum 
IN ein|)loved to earrv out the fermentation of a larger mn.sh The 
whole proce.ss re(|uire.s about thirty da\s foi its completion Other 
inethofl.s arc in use uhich extend oxer foitx to iiltx daxs ' 

Sake contaiiiN on an axernge about 17 pei c(‘nt of alcohol It 
In of li^lit xclloxx colour, and in llaxoiir icscmbic.s a mixtiiic of beer 
and .slu'iTx 

Toddy I.S an Indian bexcia^c, obt.iiiKsI, like sake, b\ the 
fcrincntatioii of iice, but mostlx lioin the .sap ot xiinoiis palms, 
es[K‘< tally the cocoaniit palm The sap umlcii;ocs spi ml ancons 
feniieiitatioii after bein^ collet ted the |>ioiess uMiallx bem^ rapid, 
and extending oiilx over a da,\ oi so Arrack is obtained bx the 
diNtillation of toddx 

‘ Ikuta, y.ntMh anal i’hmi , iST.'i. 14 , I.UI 
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nil. iMn.'si(iu)i.i('\i. i rricrs oi \h'(Mioi. 

Nl Ml.ltiM s cviM'iiniciils liiixc III I'll iiiiiili* \Mth a \ii w In cliiriiliito 
tli<* |ili\siiil(i^i('al I'lTn-ts (it uliohiil \n icj'iinls (In* liiiinan mi1i|(‘(1, 
li(i\x<‘\('r, iiilirtciit (Iillii iillirs Ilf siriit i‘\))riini(‘iita(Hiii niiil pnimphi 
Htill iiinrr iIh‘ iIiIIk iillu's of nirrcitK iiiti rpii liiiu the results, luivr 
maili' it (iesiralile to (>\i‘iiisi> moir Ilian oidiiiaix iiIIiIiom lirfure 
nceeptiiii; as ileliiiitoix l•^talllls|M>|l inaiiN nf tlir ( oiicIiiKioiis 
arnxed al 

Partiiiilailx is this the ease m irpiid to the elleits produced 
hv alcohol on the mental procesM>s mid the nervous functions 
These pioecises and flliictioiis me adinittedh \C|\ lomplex The 
liiiinan suhject ot the expeniniiit max himself he hiiisHed an to the 
expis'tcfl rcsidl.s, and that hias m some experimenis max to some 
extent atleit the icsults Mis oxxn (stiinatc of his ]M>rformaneeM 
under the mllueiKc of alcohol is allcclcd h\ that iiilliience itself 
Me can searcclx he piexentisl fiom kiiomiiL' xxhen alcohol is ^ixcn 
to him, so that it is dillu ult to obtain him stiutlx ' neutral " And 
no doubt also picconeeixed ideas m this sphere ju.st as in otherM, 
inav sonietinics niieonsr louslx ulTcii the jiidifinmit of the e.\peri- 
nioiiter, hoxxexcr im|)artial he iniiv desire to he 

Hearinf; these facts in mind a careful n xievx of |)iesent knouledKe 
reH|M*etinj( the action of ahsiliol on tin* liuinaii oi nanism huN been 
prepared hx mi iiiliueiitial (oininittce of iiiciIk al men for the Central 
(*ontnil Moard (Liquor Trallie) of the Ciiited Kingdom ' In 
eoinpiliiif; tin* folloxi'ing ui count, tins review has been freelv drawn 
upon, airue it is the most aiitlioritatixe hiimmary available of 
^modern s'-ientifie xiewM on the subject 

Absorption of alcohol into the blood.— Alcohol when 

imbibeil i.s quickly ah.sorhed into the eireiihitory svatein About 
pne^fifth of the qiiaiititv taken iiaiwes into the blood from the 
stomoch, aiyl one-tenth from the up[MTinoHt aertion of the gniall 

' " Alcohol, its Aetioii on thr lluiiinn OraiitiiMiii " HM Htatioiiery 
Office, 1018." ((juuted by permnwion of tlie CWtrnllor.) 



intestine; but the main absorption, equal to about cme-h^'fit 
the whole (losei occurs in the middle portion of the small mtesthijif,' 
[Aie remaining one^fifth is absorbed from the third and last seotioit. 
By the time the alimentary contents reach the large intestine, oil 
the alcohol has been taken up from them into the Mood! Tha 
rate of absorption appears to vary with the conditions, snoh oi’ 
the degree of dilution of the alcohol, the form in which the hftteir . 
is taken, and the time in relation to meals; but the evidence 
respecting these factors is not clear enough to warrant a definite 
statement os to their precise effects. 

Excretion.— A small proportion of the imbibed alcohol is 
excreted unchanged, mainly through the lungs and in the urine. 
The actual quantity thus lost is variable. Any influence which 
liAstcna ahHoq)tion into the blood, or stimulates the production of 
urine, or augments the vigour of respiration, will tend to increase 
the quantity of alcohol eliminated in an unchanged form. The 
loss, however, never exceeds 10 per cent of the quantity of alcohol 
swallowed, and is usually much less -about 2 per cent, on an 
average As little as 1 per cent of a moderate dose may escape 
where habitual drinkers arc ooncenied 

There is no evideneo that ah'ohol cvit eliminated to any 
appreciable extent in the perspiration It has been detected in 
the milk of women addicted to alcohol, hut probably it docs not 
occur in the milk except i^hiii large doses arc taken, and even then 
the amount oxcrettsl is t(x> siiiall to affect the health of the infant. 

In this connection, it may bo noted that the available evidence 
does not support the {xipiilar lielicf that alcoholic beverages promote 
the secretion of milk, and are therefore beneficial to nursing mothers. 
Whether in the form ot spirits or beer, alcohol docs not seem to 
have any effect whatever on either the quantity or the quality of 
the milk secreted.^ 

Oxidation.- Except for the small proportion excreted un- 
changed, alcohol taken into tlir laxly is oxidised therein as com- 
plotcly as the carbohydi'ates arc Dcrinito proof of this has been 
obtained by analysing tho air inspired and that expired by subjects 
treated with experimental doses of alcohol, and thus determining 
tho effect of the tnsatment upon the value of the “respiratory 
quotient “ This quotient is tho ratio ; - , 

* volume of carbon dioxide produced ^ 
f volume of oxygen used up ' 

and for the oxidation of carbohydrates its value is unity. 

> Roeemoiio, drcAiV. 1889, 78. 
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‘ will be Been from Uie following equation, denoting the 

' nxidatioii of a sugar 


C|H,A f 60, - 6(X), -f flH,0 

Dntrov) Oxypjn, Caihon Wut^^r 
B vnirt dl«>xld(^ 
e \ nls 

Me volume of the carbon dioxide produced is equal to that of 
- the external oxygen supplied and used u]» in the oxidation, so that, 
for carbohydrates, the above ratio ^ 1 

With alcohol, however, u largir pr(qyiition of oxygen is 
required 

C,H,0 f 30, . 2('!0, I- 3H,0. 

Alcolinl Oxygen. ('nrbiiii Wuli>r 
3 \ ols ditixide. 

2mi]h 

Hence the respiratory qiioti(‘nt fur ah'oliol im oii1\ 2 '3 Its value 
h in fact lower, not only than that for carbohydrates, hut for fats 
and other ordinary foodstuffs 

Tims if alcohol is oxidised in the body, the addition of alcohol 
to the diet should he follow (sl hy a fall in the value of tlic resjiiratory 
quotient This, in faiM. is found to occur (Atwater and BcinxlictjA 
It has been shown further that the energy liberated by this oxida- 
tion of alcohol is not lost o.s mere su])crlluoub heat Tp to the 
oxU'nt of onc-fiflli of its total nw-ds, the body can utilise energy 
derived from the nictaboHsin of alcofiol 

Knergy so utilised will conserve that supplied by corliohydraies 
and fats in the diet Of this there is experimental proof Thus 
a man was kept on a stondard measured diet, rich iii carlwhydrates, 
and his respiratory (luotient was determined A ration of alcohol 
was then added to the diet The respiratory' quotient fell jiromptly, 
and to such an extent as to show that, while the alcohol waa being 
oxidised, carbohydrote was being economised and added to the 
food reserve of the man’s body 

Similarly as regards fats , if a fixed diet suflicient for maintenance 
is given, an addition of alcohol protects some fat from oxidation, 
and allowm more fat to Ijc added to the lyxly's reserve supply. 

Thus alcohol can to some extent replace foodstulTs such as sugars, 
starches, and fats in the nutrition of the body. Moreover, unlike 
%tarch and fat, it* requires no preliminary digestion, but passes 
unchanged to the tissues which utilise it. Since,' however, it 
qontains no proteids, alcohol is not a^food in the sense of bding a 
desh-forming maTerial. Nevertheless, it can apparently sene in 
* “ Fiijaiologioal Aspects of the liquor Piobiun,” New York, 1903. 
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9oiD(‘ to ooonoiniMO protein, by redueinp to a niinimum the 

amount which tlie body requires 

• Kx<-eNK of protein in the diet, over the amount neccHSory to repair 
tiHSH(‘-wast(‘, IS oxidised to furnish entTf'y, and nieohol can Kupply 
the place of this excess, so that a smaller ration of protiyn suffices 
Whilst the exjieriinents made to determine this ])omt are\iot all 
in iiKi'eeiiieiit us to the results, the general coin liisioii is that st^itisl 
alHi\e 

The method of experiment is to put the siiliject on a mixed 
ration, lonlamirifr known uinounts of piotcsn, earhoh\<]riite and 
fat The nitro^'eri exi-reted in the urine i.s determined , this 
indieutes the amount of ])rotem that is heiin{ oxidised and used up 
merely as a source ot em ipv The diet is so adjusted that a reduc- 
tion of ciirhohxdrates oi fat will learl to iniTcasisI oxidation of 
protein, wIik h will he shown li\ a laij^ei anioiiiit of nitioKcn excTcted 
If now, instead of simply lediii int; the eaihoh\drate, a eheiniealK 
e(|ui valent amount of ahsiliol is siilHtituted foi it. and if it is found 
that there is no mensise in the quantity ot exi reteil nitropm. the 
result IS cMdeiiee that the alcohol has taken the plais* of the carbo- 
hydrate as an economiser of protein Most ot tlu* experimenters 
are iiKieed that- this is, m tad. the elTeel produced though there 
are some ('xceptions, heliexed to he ihie to the fai t that the subjects 
of the expemnents m these lases were not .leeiislomed to takiiij; 
alcohol 

The conchisioii is that ahohol has a ceitain food value m a 
limilcsl sense, namelv nsatiieloi .supfiliei oteiieijrv This, however, 
IS not the whole storv Its theoietaal value as a lood is m |ira(tie(' 
limited and eonntei balanced bv its other propertii's , and in any 
case it has, from the point of view of its food-Viihie alone, no advan- 
tajrcs over a foodstuff like .supir 

Concentration in the blood. Dnrmg the first few 

hours alter it is imbibed, alcohol pas^es into the blood more rapidly 
than It IS oxidised The concentration therefore rises, reaches a 
maximum value, and iisuallv leniaiiis at about that level for some 
tune The interval before the iiinMiiiuni is reached vanes with 
the nnioiint of the dose and other eoiulitions Durinj; the phase 
of unaltoriHl concent rut ion the oxidation and the ahsoriition jiracti- 
eally ladance each other Then the oxiilation begins to preponderate, 
the eoneeiitration decreases and after about 'twenty-four hours* 
no more aleiAiol is deteetihle in the biaiv 

Tlir degriM' of inaxmiiim eoneentration attained is important. 
It bears a regular relation to the doM^ given. 'With an animifl 
reeeiviiig alcohol cijuiviilent to 1 eubie eentimetre jM'r kilogram of 
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body-wight, the inaTiiniim Kuhnrqurntly found in the blood was 
about 04 per rent . uitli 2 cubu* rentiinrtnM, ihr ninxinium was 
about 0 2 ]M*r rent . nnd so on * Tliw iimxinnini runiViitralioii do^ 
not, of roiirst*. repri'M'iit tlir wludr of Ihr idrnhol . it is liir hninnrr 
of abftfvpt^iin over drstnirtiim Some of thr alroliol luis alrrady 
been destroyed wlidsi smiir is still iinabsoihrd 'I'hr rorrrs]MHi- 
drn(||‘ brtvrrn tin* orn*. nr two parts pri thousand of alrohol 
adiniMistrrrd and aholiol fnimd in thr body m an arddnitnl 
uninridriirr 

Thus it is possible, fioiii Ihr prrrrntagr found in thr blood, to 
ralriilalr ap|iro\in)alrl\ tin' miniiniiin ipiantitx of alrohol taken 
Suppose, for rxainpir, that tin* blond of a iiiaii weighing Itl stone 
Is found to loiitaiii 0.‘> pi-r rent nt ahohol Tins, from what 
prrrrdrs rrprrsrnls at baxl .1 i r iwr kilogiam of bodv-wnglil, 
nnd as 10 stone IsMi kiln-, the iiiiininuiii ipiaiititx of alrohol 
drunk X (i.'Hi r (' - .‘IlHn ni 1] 2 lluid oiinrrs 
(*liabanirr an<I Lonng,- UMiig the Niilou\ inetliod of annlvNis, 
ha\r drtrmiimd the (oiurntration of rl)i\l alroho: (and idso of 
imdhvl alrohol) in the blood nnd in the urine of subjertH who had 
ingested these aleohols Thr\ found that thr ronrent ration wna 
praetirallx the same in thr iiniir as in the blood Tbi x rotirlude, 
therrfoir, that there is no mriimiilatjoii of almhol bv thr kidnexH, 
sinee it I- eliminated at substantialh the -aine degree ut dilution 
a- IS found in thr blood 

Lsthsil d0S6. Adording to l)i \ W Hlyth ** ipiiinlities 
of one or two o'lners of absolute ah ohol given in tlie form of brandx , 
gin, ete , would be a highh dangeroii'i nnd probnbh fatal dose for 
a ehild below ten or twelve xnir- of age while the toxie dos<> for 
adults Is soiiiewhi'ie between 2! and o ouiirr- 

This, howrxer, niipenrs to be a \rr\ low estimate The Central 
Control Hoard (Vmimittee. already iiiriitiimed. gi\e it as being 
“generalK nr(e|itrd " that witli a innteiit of nlrolio] in the blood 
exeeeding 0 (i per < (‘lit theie is a eoiisidi'rabh* likelihrxK] of death * 
If this IS taken as being approxinintely the nlrohulir roiiieiit ration 
in dangeruiis imisoniiig,' it follows from Crehant's resultii noted 
above that the dose taken would be about G e e per kilo of body- 
weight This, for a man of IH atone weight, works out to about 
13| fluid oz of nbi'olute ah'ohol Thu fatal dost' is put, in fact, at 
about 14 oz of .flisolute nleohol, or ni'orlx a pint and a half of 

• 

^ CinMiaiit ; (‘ompt. rerul Soc Httd, 1881, 1880, 1889. 

> /M. 19IH, 79. 8. • 

■ “ Poisons. ^ p. 14-1, 1008 edition. 

* " Alccdiol, lU .\ctiuii on tlie llurnan Orgaiiisiii,’’ pp. 87, 88. 
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proof spirit/’ on the assumption inontionod. But it is to. bo 
romombered (hat some porsons are much more susceptible tban 
Ihe average person to the action of alcohol. 

It has been suggested that the amount of the lethal dose in cases 
of direct nl(‘oholic ])oisoning may depend upon the degree o^ilution^ 
of tlie spirit, as strong alcohol will act almost corrosively on the 
luucotis membrane of the stomach, and so aid the more remote 
otTects. But even when alcohol kills (by acute poisoning), it kills 
through its action on the brain and the rest of the nervous system, 
and not by directly injuring any other bodily organ Thus, for 
instance, to depress the action of the heart to an appreeiablo degree 
alcohol must bo present in the blood to the extent of about Q 5 per 
cent., which would imply an original dose of more than 11 oz. of 
absolute alcohol for a man of 10 stone weight With such a dose, 
in an ordinary individual, the diriKit eilect on other organs would 
be negligible in presence of the symptoms of profound and dangerous 
poisoning of the eontral nervous B>stem.^ 

Quantity producing intoxication. - Alcohol gets to 
the central nervous system by paasing from the blood into the 
ccrebro-spinal fluid, and the amount which enters this Huid is 
strictly proportional to the amount in the blood From experi- 
ments on animals und from observations on innn, it has been found 
that the onset and intensity of the symptoms of iiitoxu'iition aro 
roughly dc[)endent on the quantit} of alcohol present in the eircula* 
.tiuii. Dogs and horses began to be slightly nlTectcd when the 
proportion readied 012 (ler cent.; with liigher proportions, the 
•Nymptoins became more marked, and profound stupor, frequently 
ending in death, ensued w'hen the alcohol content of the blood rose 
to 0'72 per cent ‘ Birailarly with man, in one ease of drunkenness 
the blood was found to contain 0 153 ptT cent, of alcohol , and in 
another instance, where the intoxication was more pronounced, 

0 227 per cent, was found ^ These quantities are roughly equiva- 
lent, respectively, to total doses of 3} oz, and 5 oz. for a man of < 
10 stone weight. 

" h>om the evidence at present available, it may be said that any 
form of alcoholic liquor, weak or strong, can cause drunkenness if 
such a quantity of it is taken, either at once or within a short 
period, 08 will lead to the presence of alcohol in the blood to an 
oztent greater than a certain proportum, which in the case of the 

* /<oo. cii., p. so, 

* Loe. ei/., p. 87 ; quoted fn Kobert, " Lehrbuch ^der Intoxilutionai^'* 
Vol. 3, p. 988. Stuttgart, 1908. 

* Schwewheimer. IMvUeh. Archtv J, Khn. Afad., 1913, 100, 271. 



'ite mE PHTstoi/Micju. Bmcn or ALotaoi. iii,' 

avenge healthy adalt may be put provuionally at from O'lA to 
0‘2 iier cAit " ^ The wi>aker the alcoholic beverage takpii, the greater 
murtt be the quantity drunk before this pnqiortioii i« reacluHl ; afl 
that the use of the iium* dilute Iwveragt's iiiNtead of the Htronger 
is an iuKioftant safeguard nguinsi intoxication 

It uill In; noted that all these calculatioiis of the total dose from 
tlio Alcoholic (uneeiitrntiun found m the bliMsl de))end u)ion the 
accuracy of (Jn^iant's exiHTimental results mentioned above, 
Chronic alcoholism.--Th<Te is an im]M>rlant diatinetion 
iK'twcon the rffei ts of a single excessive ihwe of alcohol, and those’ 
produced b\ nnmodenite qiiHiitities freejiieiitlv reirt-ated, even 
though ihi’se ({iiaidities may Im*. and u<4iiRlly are', .’iiiialler than the 
single dose nliicli gives hm* to intoxication From the single 
excessive d«ise proceetl mle»\ieation-elTi*ets winch, us mil he shown 
later on. are iiiaiiil\ appannl in distiirhaiiee of the funetiuiiH of 
the brain , bill when the aleolinl is eliminatwl from the system 
these syin|it<oins ilisapiieiii, anil the subject smui returns to his 
normal state It is ((Uite utherwise with chronic alcoholism In 
this there me ehnnges of tin drinkers tissues which iicrsist long 
after all the .ilc<»liol lias Ihm-ii eliininated, and wliieh may bo, and 
often are, |)cnnaiient in eharucter Mon’ovor, these changes are 
not limited t<i the nervous eontres. but m one way or another may 
atWt mo,st of the oigans of the bwly They are complex changes, 
only iiartiall\ the direct effect of alcohol liiirgcly they arc brought 
about through its detrimental mdion on the lining membrane of 
the stomach and bow<-l. causing chronic catarrh ami failure in thi’ 
action of the digestive M*eretiuns, and so promoting the absorption 
from the alimentary canal of digestive and raierobial toxins, which 
in healthy coiwlitions of the inucoii.s membrane would be formed in 
lesser amount or not at all, and in any case would not jiass so freely 
into the sy.stem 

It is, indeed, a question whether many of the morbid changes 
which occur in other organs in the course of chronic oJcoholism 
may not really be secondary to those local disorders in the gastro- 
intestinal tract In some recent experimental inquiries it has 
been found that when alcohol was administered to guinea-pigs by 
inAokifion, instead of by the month, no visible alterations wr*re 
j^rodoecd in the aniim Ts tissues, oven when the intoxication was 
kept up for (lerinds as long as three years.* ^ 

^ere are tw'o essential factors in ibc causation of chronic 

^ Loe. cfl., p. 90. ■ 

* Btook«rd,)f.trMr. .VoIiiw/mI, 1913, 47 ; Pror Sur. tSxp. Biol. Mtd., 
1914,1U. 
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alroholiHrn First, tin* jIpijk must hv taKcii in snni<‘icnt quantity 
t(i (‘xcrciRc at» injuiKMis artinn on tin* tiHSiiPs , and .srnnully, that 
artion iiiiist Im* iiinn* (»r cniitinudiiN Kxcrss of dnse alone, 
without <MlIltilllllt^ of iittioii, do«>.s not ^i\t risf to |MTsistfiit tissiip 
rhuiiKcs ’ an isolatfd Itout of intoxnution doos not IwivtMasting 
aftor-cITcrts On tin* ollirr hand, t hronic poisoning is viot indured 
by <‘V'«*n tin* rcgiilai iis** of uicoholii ii(‘\ (‘lages so long as'\)nly 
moderate qiiantitu's arc taki'ii \s tii huir muvh alcoliol there 
must lie ill (he lihsHi. and Inur Ininj its nction must he kept up, in 
order to exercise a detnineiital efteet on the \itali(> of (he tissuea, 
nothing ver\ delinite eiin he said 'I'he a\ailahle data nix* in- 
siiilieicnt, or are not exact enough, to jiistiK inoii' than the fore- 
going general statement 

DilTerent individuals shou wide vainitions of siisceptihilitv to 
the injurious elleets of aleoliol in chrome .ileolioiism Moreover, 
lliev dirter also verv vvulelv as regards the tissues or organs most 
prone to sutler In one suhjis t tlie liver mav la* speeiallv nttneked, 
in another tho nervous Kvstem. and so on 

Mental disorders. Some alTeition of mind is nsuallv present 
ill I'hroine nleoholism (Vmimonlv it is moderate in degree, 
and iimv lie shown oiilv in weakened will power and failure of 
memorv In dfltimm ttrnnns, moie intense hut transitorv. dis- 
ordeis occur, and in relalivelv lare iiist.mies alcoholism seems 
to lie n‘S|)onsihle for a ehioiue iiisaiiitv witli persistent delusions, 
iisimlly ot ])erseeutiou and jenloiisv ' In general, however, tlie jiart 
which aleoliolie excess plavs m (he causation of the ordiiuirv forms 
ol mental disease is ot .secondary importaiiee it has heen shown 
that when tlie two things nie associated, intem|M>iaiU‘e more 
iiHially a svmjitom ot m.samtv than its cause ’ 

Morbid changes In nervous system. Tliese are verv variable 
III character and degree Most eommonlv then* is some 
thu'kiMiing of the inemhranr.s. with wasting of the nervous 
tiasiie.s, notably in thorn' (larts of the hraiii which are siipponed 
to he spoi'inlly relatisl to the higher mental urtivilu's These 
apiH’araiices, however, are not distinctive of alcoholism Further, 
the diaeasod conditions s(*i'n in the brain of jiaticiita dead of delirium 
iiemen^ are quite simiini to those' found in rubPs of aleoholisni 
wheru then' is no delninm hementt. uiui they are neither constant 
nor very dotinitc Hence it apiicara that in ehronie intoxication 
the nervous tissues may be damaged in way.s which, while pro- 

' Mott, JrrA, of 1(HI7, 3, 434, (|iintO(l in " Alcohol, its Actiun on 

thi' lliiiimn Onjoniiini,'' p. 9S. 
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foandly affecting their healthy functioning, are not revealed *in 
any visible structural change. 

In alcuhdlic {KTiphcral neuritis, rlcgt'nerntivr rliangcs are found 
in the nerve-fibrrs, find also not irifn‘(iut‘nlly in the related cells 
of the Hpinul c(ir<l Such alUTations of the nervc-cells and -fibres 
are domoastraiilc through tiui mit'roscoiM*, and oven in some degree 
to tiio naked eye The diseased cell itecomes swollen, its nucleus 
is displaceil towards the margin, its c‘\tensioTis shrivel and vanish, 
empty spaces occur in the ]trot()pIaHni, and finally the cell dis- 
appears. 

“ The ex))lnnation of those changeH setuns to he that alcohol is 
a powerful pnitoplasinic |HM.son, having a selective affinity for the 
delicate cells of tlic nervous s^^tein, ^\ith whose functions and 
capacity it interferes at a very early stage, (irially causing gross 
alU'ratioiiH in the tissue."* 

Disorders of the digestive system. (.'Iirunic gastritis is met with 
in lieavy ilrinkers, esfUMually those uho take large quantities 
of spirits It ])reccdos, and is in great measure responsible 
for, the diseosi' of the liver knoi\n ns " (‘irrhosis " The inflamma- 
tion of the Tiiiicoim hning of the stomurh sets up degenerative 
changes in tlie cells which seiTeto tlu' gastric juice, and ns a result 
the hydroeliloiie nei<l of the latter, es.sontial for digestion and for 
tlie prevention of imetennl lermentation, may l>e completely 
absent Toxins elaborated by microbial action are absorbed from 
the alimentary canal into the. blood and ]iass with the latter through 
the portal vein, m) that the liver contains these imisniis m a special 
degree 'I'lu'y bring about prolonged irritation and inllammation 
of the connii'tive-tissue supporting the portal vein and its ramifica- 
tions in tlie liver, indiif'uig a swelling of the hepatic cells and leading 
to an enlnrgemiuit of the whole liriT Subsequently, the proccaa 
of fatty degeneration may set in, the protojilasm of the cells being 
transformed into glohules of fat This enlargement in many coses 
persists until dropsy supers ones , or there may be a more complete 
conversion of the chronic, inflammatory tissue into fibrous-tissae 
cells, leading to the formation of what is known as " scar tissue” 
This permanently replaces some of the active hepatic cells, and 
results eventually in cirrhosis, involving shrinkage of the livar 
and formation of tho knobby projections or nodules which charac- 
terise the ** hob-nailed liver of drunkards. Such an interference 
with the normal activities of this important organ naturally gives 
rise' to many ill effects, am>mg which may be ansemia, indlgesticn, 
and jaundice. 

* Iforaley and Sturgn, *' Alcohol and the Human Body,” p. 133. 
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Effaeti on the kidney and heart.— Changp^ of a Himilar type 
may be brought about in thc» kuliu^y by tlio notion of imbibed 
alcohol in imniodoraic and continual quant it ifs Tlim* in a 
aimilar sequence of cellular changes- elnudy swidhiig mid fatty 
degencBtibn of the tubule cellH, inireoM' of libnnis tissue, and 
eventual shrinkage, uitli foi million of whnt ia IcMiiied “ gninulnr '* 
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Udnoy of the ** coarse red motthnl ” variety. Among other dis- 
orden, the degenoialion of (he blond- vessels which leads to 
apoplexy ; and albuminuria, giving rise later to dimii^hetl excre- 
tion of urine as the kidney shrinks, and eventually to Bright’s 
dyeaae, have been recognised as frequent concomitants of alooftdlic 
OXseaB. On t|ie muacle dbres of the heart the effect U to promote 
, pnloplaanuc change which leads to deposition of fat and eventually 
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to dilatation of tlu* hrart. mtli ii conM'tiiirnt wrakt'iiini; of its 
|iro|)iilHiv(‘ ]intirr It is to hi* iiotod, hourvcr. that all theso 
diH(*asi'd conditions arc found, and \crv often found, in jicrsuns 
who never take alcohol the\ iiinv he broiifiht about by many 
deleterious u^'eiicies opeiatiiif' siii^'l^ or in coiiibiiuitioii Alebholism 
IS merelv one of these a^eiu'ies 

Lessened resistance to infection, ('hronii ahohol ])uisomnf{, 
by ilevitalisiMfi the tissues, weakens the power of tho body 
to wind off iiiieiobial attacks Alcohol alTists the structure of 
the led corpus! les of the bliKMl, and diiiiinishes their power of 
resihtaiiee towaids h.eiiioivtic iif'ents (liHitinen) It exerts n 
paral\sin^ eiTeet upon the leueoeyte.s, and thus interferi's with 
their fiinetioiiH as de.stro\erh of infective iiiiero-or^anisins that may 
have gained access to tin* blood tbi the blood-plasma alsii, ali oliol 
has an injurious action, biinj'iiif; about a deciease in its bacleiieidal 
power Till' obvious (onchision from these observations ).s that 
alcohol l(‘ss('n.s (he ahilitv of the blood to eomlial dise.ist* fiideisl. 
ns TVj»ai’ds its ellists upon the lemoevtcs lloislev .ind Sturge 
remark that ' the sciiousiicks of thisadveise mtlu(‘nie lannot 
be overestimated ileiein lies the (xjilanatioii of manv infe(‘* 
tions many prolonged illnesses, much chrome ill-hcalth and maii,v 
prcmatiiie deaths ‘ ‘ A slight general dcpiessing inllueiice such 
as a (hill or a local injiiiv may be most daiigeious to a chronic 
alcoholic, whcicas iijMiii a heallhv individual there might he no 
harmful elh'cl «'\en if micio-organtsms witc pnvseiit, because* the 
vital reaction of the normal healthv tissues would prevent a geiieral 
iiifc'ction 

Action on the reproductive cells.- Herthelot and Weich.sel- 
baiiin hav'c* shown independent I v that in the majoiitv of male 
alcoholic patients dviiig in the prime of life there is atrophv of 
the testicles and absence oi scuiitv prcHliiction of spermatozoa 
In the temali* subject alterations of a similar character may be 
discovered in the oviinc's Moibid changes of the .same type can 
be prcKliiced in the genital glands ot ex|N'rinientHl itiiimals (rabbits, 
dugs, guinea-pigs) b\ eontinuc'd admnust ration of aleohol , and 
further, there is dirc'et exiHTimentiil evidence that jiarental aleo- 
liolisin may leaet injunou.slv ujMin the vitalitv and normal develop- 
ment of the offspring Aleohol was adimnistvml to giiinea-pig«i 
by inhalatioF , and the pnigeny of the alcoholised ammala, in 
eoinjNirison with the young of '* control " animals of the same 
sicH'k, were found to lie eOnspicuoiisly inferior, in strength anA 
vitality, and in many instances presented gross abnormalities of 
' *' Alvohul au«i the Huaian Dudy," p. SOU. 
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• • • 

or^gHiiisatiOM 'Hu'm* ill I'lTi-i t'i wrn* triiiisnnUi'tl tlmui^li M'vonil 
Ki‘iierati4iis. and wm- indiMtl imm* pninmiiici'd in flu* later p'liera- 
tioiis than in the iiiiiiiediate iitTs|»riiiir ot tin' iili ulniliNeri anlijeetj* 
Kveii when then* me ini "tnietiiral thiiii!'i‘i \isil»le in the jrnriii eells, 
the nilliieini* of tin* iiilo\ie«ition iiiiix he iniiiniested iii 

tho protein ' In xiru of the i;i(tit iiii|»iiit.inee of these ii suits 
indi atiii); ns lhe\ do ii |iossihdit\ ot tin* deleiioiatioii of the line 
through |Mirental idniliolisni it is eonsidered \u‘ll t4i sijs|N‘nil jndg 
iiieiit nil tliesi* « \|ii iniieuts until the «oiii liiMoiis Iia\e hei n \erilii'd 
hy fiirthi‘1 iii\esiipition - 

££E6CtS of single doses. Nmli then are the iniiin 
|ih_\*4i()logieal elhsts of ah o|iol taken in Millnnnt (plant it \ iind with 
snniiieiit fieijiieii(\ to i aiise ( hioiiie ali ohol|siii la‘t iis turn nnu 
tn the (ffeits piodined uhiii tlii'se londitioiis aie not fiiltilleil hv 
fill tin iiioM usual (iise What an* tin* n suits viheii the (piiiiitit\ 
inihih(*d nhelln*! laige ni small, is esseiili.dl\ an isolated ipianlit\, 
lint repeated at sm h >||oit intiTvals, or nv(*r so long a peiind as 
tn niiise an ait to iimil'i intn a iiniie ni less (ontiniioiis hahit * 
The aiiswiM to this (pn*siion in\nl\eH (nnsideratmii of tin* mental 
elTeits the iiitlui'iKe on mil i ular uoik and tin* results priNliieed 
h\ aleniinl nil tin* digesfiM lespiiatnn and (iniilatniv s\.sti*ms 
TIh'm* Mill iiou III ie\ie\sed in tin* nidi*! gi\i*ii 
Mental effects. t)n the hram and iier\oiis s\,slem almlinl 
ai IH ns a iiareotn If a dose is taken sultien iitiv laigi* tn pmiliiee 
intnxieatioii then, altlintigh tin* s||i(es,sne phases nf iiii*hiiiitioii 
caiinnl he shaiph distnmuislied and eaeli easi* haa its nun pisiili- 
aiities M't hinadh. three niaiii stages can he iiiiidi* out 

In the lii'st stage tin re is it Meiiki iiing of self-( nritinl, and a 
hliintiiig nf tin* pnuer of self eritn ism lii tin* seiniid, the ner\niis 
fiinetioiis (*ontrnlling skilled inn\eiin*rits and aense- percept inns are 
inxolved, then* in a tertaui (liiinMness nf hihaviniir, an iinpair- 
nient of xisioii, hearing ett and also emntiniial iiistahilitv , uhili* 
as the iiiirensiN prni eeds, diilriess and henvin(*ss dieain> sniniinlein e, 
or uetiial sl(*ep iii.i> super\ene In tin* third stage " the inl(*lleetiial 
processes of jiidgnn*nt and self-eritieiHin iiriii innlnd are virtuallx 
suapended . the functions of Heiise |iereeptinn ami skilled riinvemeiit 
an* grosslx iinpain'd , and the eriioiinrial tenderieii's tlieriiHelvcN 
are inxadfsl and a'*akeiied, sn that nrilji atrniig appeals to tln*iii 
•suffice to evoke artv responsi*. and, in their alisenee, the drinker 
sinks inert and iirr.'(*leA.s into a heav} sleep, which l&sts until the 

• > Stockard , Ammnm Snfuraiut, 11*13,47, ItlJO, 60, Prot. Sur^ Krp. 
BtuL Mtd., 11I1J, B* l»14. 11. • 

* " Alcohul,*itH Action on the Uuiimii UrgaiiMin.” p 104. 
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alcohol abMorbetl by tho nervous system has been oxidised or carri^ 
away in thn 1}lood and consumed by other tissues ” ^ ' * 

« These three main staf^ea correspond with the invasion by the 
narcotic of the three principal levels of cerebral function, namely 
(1), the hifthcr intellectual faculties, the latest acquiied.in the 
devclo])mciil both of the individual and of the race,; (2), the 
sensory and skilled motor functions and their nerve-centres ;« and 
(3), the emotional capacities, n very anciimt endowment, situated 
in the basal ganglia - the part which is alone rcprcM'nted in the 
braiiiH of the bnver vertebrates Alcohol Hiiccessivi'lv weakens 
mid hUH]M<iids tli<‘sc Functions in the <»rder gi\cn fiom above down- 
wards The higlnT lilt cllcf (mil fa<*ulticH arc the lirsl to siiflFer ; 
then follows the nnrcotiMiig of (hi* sciisorv and skilled motor centres, 
and linnlly c\cn (he enio(ioiial faculties an* weakened 

There appears to he no ei‘r(nin e\idenee that alcohol acts as a 
stimulant on the nervous system The ]iassing jihase of initial 
exhilaration or ex<*iteiiieiit often observed iii the (‘arl\ stages of 
intoxication mu\, not improbably, be attributed to the inilueiice 
of festive (‘nvinmment aeting iijion the emotions, the control of 
which hy the intelbs't and by the will has beim dimini>«hed through 
the action of the alcohol taken Ajiart from a possible exception 
as regards a small or moderate dose of alcohol ailing on the 
respirator} rierve-eentn\s, the eoneliislon arrived at from a study 
of the experiments reeorded is that the direct effect of alcohol upon 
(he nervous system is, in all stages and in all parts of the s\steni, 
to depress or Rus{)end its functions In short, alcohol acts os a 
nareotii* drug from first to last 

To explain the sueecssive stages of the action of alcohol on tho 
brain, as above deserilicd, the following hypothesis has been put 
forward Alcohol acts primarily and most pow'orfully, not upon 
the nerve-cells themselves, or on the nerve-tlbres, hut upon the 
junctions (s/yNiijMcs) botween nervc-eells The nervous system may 
bo regarded os made up of a large number of cells, each consisting 
of a central bixly and one or more fibres, and each coll having no 
anatomical continuity with others, but only a functional one. 
Tho |K>int8 of contact of tho cells are tho weak points of the iiervoas 
pathways. They aro tho pomts w'hich give way most readily under 
strain or shock and under the influence of fatigue, and of various 
paralysing drugs Further, there is good rcadbn to believe that' 
111 tho lower lovols of the brain the pointe of junction are relatively 
firm Liid open to the passage of tho nervous current, w'hereas thosp 
of the higher and latcr-developod levels are less 'solidly oiganised, 

^ '* Alcohol, ita Action on tho Himua Oiganiam,” pp. 35, 3ft. 
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.And therefore offer more resistance to the current (Merely os an 
Ulaatnti%e .analogy, we may picture an olec'tric fjjrrent iiOHsing 
through A copper rod dividcil into a large niiiulxT of st^niontM* 
if at one end of the real the sc'gmeiitH are pn'ssed (irmly together 
the cuveilt i»asscs eamly , if, at the other, the segments barely 
touch onc^ another the current {lassiMi the junctions only with 
diffif!hlty ) If it is assnined that alcohol acts (‘qually on all the 
synapses (nerve-cell juiudions), equally iiitrcasiiig tlu'ir resistances, 
it will first raisr the resistance to the point of non-conductivity 
at those jum tions uherc tin* noniinl rcMstanee is idreudy gri'afesl 
that is, in the Inter de^elo|H‘d le\els. when* the mental fiinetions 
un« highest , .iinl it ndl piogresMvch effcM ii similar paridysis of 
the other neivc-iNiths 'I'hus the higliei intcHi'Ctiinl centres \ioiild 
b(' the lirsi pand\sed, (hen llii* M'lisory and ^killed mo((»r eeiitres, 
and linally the (‘motional e(‘iiln‘s , nhich is the onh'r aetiinll} 
observed to occur * 

Experimental investigations. A short outlim' may 
here lie gi\eii of sonic of the researelies undiTtakim during recent 
years on the mental clTeets (d ah'ohol, taken for the mosi part in 
small or modiTate doses It uill serve to exemjilih the methods 
adopted and to indieiit<' tli(‘ geiK'ral results ohtaini'd 

Kraep(‘liii of Mnmeh has eairusl out a long serii's of careful 
investigations ien|)C('ting th(‘ inlluenee of alcohol, taken in moderate 
or small doses, upon the rimiital filiations The ainoiinl of tii(‘ 
doso variiMl. hut as a rule was about an ounce, diluUsl with water. 
Somclimes one-half, or one-quarter, of tliis (piantiiy was used. 
In fact, the amounts were often far helow those frpf|iient]y taken 
at meals by ordinary individuals Sueh mental proeesses as reading 
aloud, adding eulunms of figures, ealculating arithmetically, momor 
ising words or numbers, and associating ideaa with words, were 
employed in the tests Tn certain of the experiments the rate of 
mental action w'as measiin'd by means of time-recording appara^s 
designed to indicate aceiiratcly the reaction-period— t c , the time 
occupied in making a responsi' to a given signal In other experi- 
ments, the ability to add figures correctly was tested upon subjects 
sometimes taking alcohol, sometimes refraining from it The 
outlines of one such experiment may be given as a simple example : - 

First six days, no alcohol taken Practice in adding figures 
lor half an hour dafly. The ability to add increased every day. 

Next twelve days, alcohol taken. In spite of the'influenee of 
t^e previous days' practice, the capabili^ of adding did not incitese 
On the contrary, ft began to decrease very rapidly. • 

* " Alcohol, its Actioq on the Hiunsn Orgsnwm,'' p. 37. 
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Nini'tirnth cliiy, alcfihf)! stopped rmiiiediato improvement 

mIiowii ^ ‘ 

* Tweiit\ -sixth day, ahnhol n'siitued A decidril dirri'aM' m the 
power of addiiif; figures uas again Khomi 
Tlie general resiiltH arrived at fnim all the experiinentM'Hvre that 
ill the sinifilei, more or less automatic \iork, mental a^'tivity was 
slightly (|uickened at the oiitsid under the iiiliiii'iii'e of alcohol, i but 
111 most cases hegan to slow douii after a few minutes, th(‘ diminu- 
tion iM'coming moi'(‘ ami more marked, and enduring as long ns the 
alcfihol vias Ml active operation in the l>od,\. mimclx, tour to live 
hours When, on the other hand, the higher pontTs of the mind, 
c ;/ , those involving iissiN'iation of ideas and the formation of judg- 
ments, were called into pla\, tlieie uas no real (|uickening of the 
lirain acti\it\ under alcohol The slowing ciTccI hcgiin from the 
liisl, and continued thioiiglioiit Moieoxcr, not oiilv docs alcohol, 
an-ording to this ohseixer, dela\ the rapidilx ol icrchral associa- 
tion It iiltiMs the (|uulit\ also, fiuouimg (he inteiior kinds of 
mental association and weakening thi‘ higlu'C assoeuitions In 
other words, e\en sni.ill doses of alcohol inlliieiicc advcisidx, from 
the \ci,\ first, the finer woik ol the hi am cells 
.\schafTcnliiiig made a caiefnl senes ol ohsci\,itioiis upon the 
work of coiiipositois, done when alcohol was takdi in ' dietetic " 
(puintitx, and also without alcohol He found that there was a 
distinct impairment of mental actiMtx, amounting to ahout !l jier 
cent Its measured h\ the output of woik when alcohol was taken 
The iinpairmeiit was absent in one cii.se onl\ out of (Mght 

(itlier investigators ha\c studied the duration of the etTect 
prodiicisl hy alcohol Kiirer used amounts siidi as an' contained 
in two litres of strong beer or half ii litre of wim- 'I’he effects 
were found to last all the following da\. causing a dulling of mental 
labour, although the subji'ot was under the impn^ssinn tliat his 
work xvus just u,s gmul ns uaual Kiirr, taking Sti grams of alcohol 
m water on twelve successive evenings, found that there was a 
decided diminution in the dav's work (ealeiiluting and studying) as 
eoiii|Mired with that done on alcohol-free dii>s, and that this effect 
persisted until the fifth day after ceasing to take iileohol A single 
large dose nets for tweiitv-foiir or evi'ii fort v -eight hours 
W. MeDougall, dem’rihiiig a “ mrtlKHl for the study of (smeurrent 
moutal operations and mental fatigue,*'^ investigated the effect 
of dietetic qdantities of alcohol u|)on subjects perfunuing a certain 
tRsk-*--nainely, accurately tparking dots driven past an opening 
at"a known rate In one series of cxiH'riiiieiits he fopnd that the 
■ Untuh Journi^ ^ Fsjfdwlogi/t L 
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prrorM under On* iidliieiii'c nf nlroho] (‘oinimriMl uith the norninl 
errors w(V>di> .ISH to .TH In niiothrr (shorter) si*pfs tln*\ wen* 
as 351 to 2!1N Three ouiii’es of \thisk\ (‘Jiiised .'):i |N>r eeni iiior/l 
errors than uheii the hrain vns under normal enndilinns On 
the othPr Rand, the errors uhen tea i\as takim wen* less than the 
normal • 

Tifp general results of tliesi ,ind (ither expeiimeiilN go to shoa 
that, AS regards the elTeets of small oi modeiati' doses of alcohol 
upon the nervous and nemo miiMid.ir s\stem 

(1) Alcohol leiiiftheiis tin* turn taken to |ieiform eomplex 
mental proee.sses although the peison expeiimenti'd upon imagines 
that his ps\ehi(<il aeti\ifie.s aie leiideix-d nioie rapid 

(2) There is an initial stage of tempoiar\ stimulation or exhihiia- 
tion, eliiedx dil(‘ to a slight iiiiiiihing of the higliei ner\<>-eeiitres , 
Imt this IS folio v\ed h\ a piolonged depiessniit aftei-stage 

Action on the neuro-muscular system. Exiien 

meiits luue lieeii made m oidei to test the aftioii ol ah'ohol on 
the iinisiles themsehes, separated fiom the nervous svstem ' 
With doses riingmg up t<» tie* eipiivaleiit of ahoiit 70 e i- for man. 
ailministeieci thioiigli the hlood no oh\ioiis elicit was jiiodileed 
upon the (Oiitia< tih' pouei oi other IiiikIioimI pr’opei t k ol milKele 
It is theiefoie mieiiid that an\ inlliii‘nie wlmh ahohol in oidinan 
(jiinntitie,s exeils upon tin |H‘iforiiMiiie of miisiiilai acts niimt he 
referred to its etfeits upon the neiteieiitres eomerned with aeti- 
viiting the muscle 

Alcohol depresses simple rellex re.n lions of Hie nervous svatein 
A doHc of 3(1 < r taken one to one .iiid a half hours hefori* the test 
WAS applied was found to lessen the s]H‘(‘d and ani|ilitiide of th(> 
ndlex knee-jerk As an average obtained from observationM on 
tax men. this dose of alcohol reduced the sjM*ed of eominemTineiit 
(if the resjionsivi- movement li_v !)fi |N'i cent . .iiid dimmJslKMl the 
extent of the movement b\ 4H « pei eeiit A larger dose, 45 e e . 
inipaiml the reaction sjH'cd and amplilude still more - Somewhat 
airndar rc'sidts, though of smaller ]ierientRge inagiiitiide, were 
obtained with the rellex sjieed and amplitude of the evelid move- 
ment when an iiivolunlarv blink wam evoked by a Midden loud 
sound 

A alight quiekeiimg of the pulse rale eoinmoiily follows iijwn the 
taking of a moderaV* dose of alcohol Thia acceleration ajipeara 
to be due to a depreuaion in degree of the reflex rardio-mhibilory 

9 

** Fiirth oad Hchwiyz, Pfiu^rr'H trrAir, IWAl, 129^ 

' Dodge and •OciuUift, ' riiyeliuIogKtti Kfleete of Aleuliol.” Waahingtoft, 
1915. 
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tone which, normally, acts in restraint 4)f the licart-bcat.' It does 
nob, apparently, occur in all cases 

* The depression paused by alcohol in all tlie forcf(oing instances 
indieatc'H a Hpccifict louenng of tlui powers of the low'cr nervoos 
centres, similar to that produced by drugs like chloroform' tlfjugh of 
much loss intensity 

Voluntary movemciiis, as distinct from reflex actions, are much 
more complex maltcrs for invest igation Kxpc'riments have, how- 
ever, been madi* which, without attempting to analyse the willed 
act, and accepting the inovcincnt made as index of that act*B 
siici'CSH, indicate Inm its clliciciicx changes with \nryiiig conditions 
For cxainplc, the crgograpli ciiii be used to cvainiiic tlic jiower of 
a musuilar act ami its ubililx to withstand fatigue In one form 
of tins instiiiiiu-iit tlic middle fiiigci is commonly used to raise a 
WTight. by means of a string and piilh'y Tlic finger is fitted into 
a ring of leather, to which tin* string is attached , the weight is 
one of about 0 lli 'I'lie fonsinn and liniid being at rest, tins one 
finger is bent at interxals of troiii on(‘ to two MS'onds, the weight 
bfing lifti'd as high as possible Thi* irioviineiits are ii'gisten'd, 
and are kept ii]) until exhaustion octnrs 

Special caution, liowexer, bos been found neeessarx in iiit«‘rprt*ting 
the results obtaimnl with thu ergograpli 'Hie siibje(>t's mental 
conditions are liable to affect the records to a imirkcsl degree. 
Fleeting states of his mind, sueli as varying eoncimtration of atten- 
tion. and greater or lessiT intert'st in the reptdition of the ipove- 
ment at one time than at another, may distinctly influence the 
performance The mere knowledge that he ha.s or has not received 
a do.so of alcohol may affect the subject's action, and thus obscure 
any effecds produecxl by the alcohol itself ^ 

Rivers,* amongst others, has (‘nrried out investigations in which 
precautions have Iipcui taken definitely to guard against such sourcea 
of error. KxiM'nmenting uimn two persons, he found that sin^e 
doses of 5. 10, or 20 c c of alcohol left no indubitable traces upon 
muscular action, os recordiMl by the crgogra])h With the dose 
increased to 40 e e , a small increase in the number of contractions 
performed was shown by one of the subjects, who, previously, had 
been dn abstainer from alcohol The increase appeared about 
one and a lialf hours after adnunistratioii of the dose. On the, 

I ' 

other hand, the second subject sliowed a slight decrease of work ; 
but the investigator was not satisfied that this was a cleariy-estab- 
liahcd effect due to the alcohol * r 

1' Dodge and Uciicdict, " rHydiolngicol ElTcots of Alcohol.” ■ Wsahington, 
1915. 

> ” Influonoe of Alcohol and otbar Drugs on Fatigue,” London, I909« • 
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It was noted, lion ever, that the 40 c c. dow of nleuhol did in one 
of the t#o ij^ibjocts impair thi* i>x(*i‘Utiun of wonn Mki^'d nioionu'dla 
(adjusting the apparntiis, elt* ) ineulrnin] !o Ihe expiTiments. though 
not recorded tm the orgogruph Vki, wiihin halt an Imiir of taking 
the dose, • there (aine on a MihjtH'tive fei'hng of In.sMtijde ami dis 
inoUnation^for activity, cither of IxmIv or miml It una doubtful 
hoW^ar the state of loshitiide uas precedeil by om* of exhilaration, 
but, if the latter ocourred, it wa** ecrtninly of very brief dural ion ” 
Oscretzkowsky and Kraepehn,^ giving a hiiigle do^e of riU e e , 
likewise found no o1nio^^ cITeel of alcohol upon tlie eigogra]>hu' 
record. Kellhteii,^ using n form of eigogia]ib in nliu'h tlie nio\e 
ment rogislcred is cxiviited nitli llu' tno iiriiis and emploMiig as 
the .subject of the e\|ieiinienl an Hllihle of !Nl kilo.s neight, found 
similarly that single do.'^es of 20 c i and of ‘>0 e e of alcohol jmuiiieed 
no clear and uiic([iu\oeal eflcct on the reci»ni The aleohol was 
given in approjinatc dilution with water live to ten miiuiic.s before 
the test began With ii dose of Sti e <• , IIutc was a slight and short 
increase in tiie leemded inuseular work, followed by a marked 
decrease When tliih dose was taken lialf an hour before the lest 
began, the deoreasc obsei \ed amounted to 20 jier cent of the normal 
performance done without aleolml When the aleohol was taken 
one hour pruviou^l}, the ihsnsise was 17 j>er eeiit . and when 
taken two hours before the test, II jicr eeiil 
Tho efTect of alcohol on the iniiMiiiur effort involved in walking 
uphill has Ix^eii investigated h\ llurig^ The eonditions of the 
ascent— route, time of da;^, etc-' were kept as far us practicable 
tbe same for a number of .suceeiAive tests, but on some days aleohol 
was added to the food ration, and on others it was omitted Tlie 
dose was 30 c u of ab ohol in ir>(t of water, given at bmikfast just 
before starting. Tt was found tliat although the walker, who was 
accustomed to imxlerate use of alcohol, felt in liimself no diiTerenee 
between his condition on tho alcohol days and on the non-alcohol 
days, the ascent jier minute was on the aleohol days less by 12 to 
14 per cent, than that on the non-alcohol days. This was so, 
although more energy was expended by his body on the former 
than on the latter days The investigator was inclined to attribute 
tibia deterioration to impairment the skill with which movements 
directed : the effect of the alcohol tended to undo the results 
of previous training. 

On a different scale, and of a different character, are*the muscular 

‘ ‘^PH>'c}ioliig, Arboiten,” 1901, 8. (iv], 687 

> Utand. AnA. Phynol., 1904, 10, 100. 

« Plhigm*» Ankiv, 1900, 118, 314. 
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mnveminitH involved in Adjusting tlie cvImiIIs to the foruBHing of 
the sight on 4tn oiiject liroiigiit eloser and cIomt to the observer, 
'file i‘th'c1s of Alcohol on .micIi iiio\crncntH liAve been studied by 
(iiiillcrx ‘ He foiintl tiiat ii doM' of 20 c c did not afTcot tlie facility 
of 11 dj list men t, hut one of 40 cc vcr\ distiiictl\ uedkefted and 
slowed tli4‘ Mioxcnicril The impiiinncnt was first ditei^tihle about 
twenty minutes aft<T taking the dose Normal speed and jlower 
were regaimsi about tort\ miniite'i latei. A greater impairment 
wa.s shown with 00 e( of ali'oliol , it (nine on sooner (in ten to 
fifteen nimiites). and lasted longer (one and a half hours). 

»Siinilai|\ , Dodge and Iteneiiiet found that a dose of 4.1 ee of 
alcohol measiirahlx mlluenced the speed ot staiting the ino\ement 
reipiired in directing Hie gare to a ticsli oitject Smli a ino\emeiit 
inxoKcs not onl,\ the niotoi lentres liiiectmg the niuscsilar action, 
lint also tlie scnsor\ iier\e centit's. intoiinntion tiom whuh (ns to 
tlie ]iosture of Hu* evehalls ami the diiection in which lhe\ linve 
to he tiinu'd) is a factor in the giiid.ince and alertness of the motor 
(s'litrcs tlieinH(‘lves The dose of 4r) e c was found, an houi and a 
half after iniluintion, to ineieasc the nonnal delci\ in starting the 
moNemeiit h> l.l |ier (liit . taking Hie a\4'iage foi (he si\ sulijects 
tested TJie same ohseixi-rs foiiiul also (hat .i ilosi* ot 4.1 ( e of 
aicoliol nsliiced Hie rapidi(\ ot a simple to anri fio tingei movement 
liy SH per cent , taking the uveiage for the same six peKsons ns 
before Tlii-s test was likewise much* one and .i half liouis after the 
alcohol was drunk 

Whilst, Hien'fore, deductions must he cautious on account of 
the relativi'Iv small number of .suitiildt' exiHTiinents, the available 
evidence indicates that n single dose of le-h than 40 c c of aleohol 
has hut littb*. il anv effect upon the iH'ifoimnme of simple, " iin- 
skilhsl " inus<*ular acts bv an adult aceiistonusl to moderate use of 
aleohol On the otlu*!' haiul, the ]H‘rformniice ot acLs re(|iiiring 
skill temis to Im' tenifKiiarily impaired bx a dose of even 30 e c , the 
effect being shown «*s|K'eiall\ in n diminution rd the speed and mecty 
of the performance Then* seems to Im* no triistworthv evidence 
showing that, in noiinal eireiiinstnnces, ahohol inipnnea the 
efticieney of anv muscular |HTformnm‘e. skilled or unskilled. 

Effects on the digestion. Kes]H*etmg the effect of 
aleohol on tin* process of <1igt*stion n good deal lias been written,^ 
both os to the favourable ami the (h‘triinental results pniduecd ; 
blit the consensus of nuKlerii opinion H(H*nis to be distinctly against 
the \uew’ that for the ordinary heolthx individual there is, on tha 
wllnle, any fuirtieiilar U'nefit to be nbtiiincfl by the wte of aleohol 
< J%tjfers Arrhiv, ISOV. 79, AST. 
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as a dictotii' bovi*rapc* Somi* hciioficial aditin tln*n* iiiny Ik*, but 
it is luihti* hi Ik‘ *M‘t nIT li\ umlfsiniblr (‘oiisri{ii('ii('i*«r«n «»(hi'r jHirts 
of th(' HXhtnii It is (inl\ III fcTtniii lU'iitv that tui\ disirahir 

I'ffocts pnuliiicrl by alroliol tin tin* stoiiiHi'b mi* worth nbtiuiiiiii; 

CVrti^iilt tlic (iiMiiiiiiii luitioii Hint aldihtti in inoilrralr (|iiHiilit\ 
IS u^iisrfiik 111(1 to ^astrii (lip-dioii docs luU ri*(civc mt\ iiiiicIi 
support from dip*siioii c\pcriiii(*iits iiindc m I'tfut Sonic of the 
earlier of muIi (‘xpciinumt'i l^‘lrrl(‘d out b\ Sir W ItolMTts' more 
than a (|nartcr ol u <etitiir\ n^'o ina\ uscfnlK he ijiiotcd The 
digestion inixtiiic s(ndi(d wan (oinpos(‘d of 2 ;!iani.s of h(‘cf-lihre, 
I cc of ^Imciiiic cxtiiKt of |M*psm. Ji\di(MhloMi add sulhdcnt to 
give 111.1 per lent of INI and \.'ir\iiii; pioportioiis ot alcoliolic 
li(|Uor.s, the uhoh* heing made up with wiitei to a xohime of ItM) e e 
The time in wlinli (lie digi'stioii of the heid was (oin|)h*t(*d wa*i 
(ompaK'd with (he timi* (one hundred nimiilo) ie(|iiired without 
alcohol Tin* lesiilts mav he sumniarised as follows 
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Nome n-tanhiig agent besides ahohol, as the I'lTeit ]irodueed on 
the digestion was out of proportion to the iimoiint of alcohol present 
If the total gnstiie iharge of foml in taken us 2 Ih , 2(1 jnt cent of 
this would be about (il o/. . no that aeiording to these reHiilts Icnn 
than a glans of beer exert ises a |KTeeptible. though not a eon- 
Hiderahle. effect u|Kin |N*pti( di^'stioii 
Coming to more nsent work, ('hitteiideirs expiTimenlH may hi* 
tluotM This ohseixir found that when the jaTeeiitage of aleohol 
in the digeNtive iniltnn' used was as low iis I or 2 |K‘r cent there 
was RometniieN a nlight aeeeleraiioii of the rate of digeaVion When, 
l^wevor. the proportion of aleohol w'a8/aiM*d, retardation or iiriiihi- 
tion of digestive hetion ooeurred, though this was ordinarily mil 

* "CollectHl (^ailrihiilioiui on Digestiuii and Diet," 1891. 
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vpry pronoiinrfd nntU the digestive mixture contained 5 to 10 per * 
cent, of alcohol, or more. Further, with a weak g^stHc juice. 
Where the aiunuiit of ferinc^nt present is small and the digestive 
action c'onsequcntl^v slow, or where the ])Vntcid material is difficult 
of digestion, the retarding effei't of a given percentage^oA alcohol 
is far greater than ^\here the digestive fluid is inoro^tive. It 
may he noted, m passing, that a concentration of 10 ])(t eeilc. of 
alcohol can rarely, if ever, lie present in the stomach of a living man 
for more than a few seconds 

Tlie foregoing experiments do not, of course, take into account 
all the factors coiieeriu'd in actual digi'stioii in cnrpnre In addition 
to the eifects of alcohol upon the action of the enzymes as just 
described, its influence upon the sc^cretion of the digestive juices, 
and upon the churning movements of the stoiniieh nhich mwmally 
aid digestion, have also to he considered. 

I'hcTC is no douht that alcohol placed in the mouth does, like 
other sapid fluids, increase the flow of saliva, hut this action is of 
no very great importance Tlien* is also no doulii that on reaching 
the stomach alcohol evokes a considerahlc scerotion of a kind of 
gastrn- juice This juice, hoHover, ilifTcrs from the normal gastric 
juice, inasmuch as it is deficient in ppsiii, thougli it contains 
the normal amount of hydrochlorie acid. Tn fact, wliatcvcr ])cpRin 
this juice contains is what has been washed out of the cells ; alcohol 
apparently causes no fresh st'cretion of pepsin Hence the increased 
supply of juice is of no particular value in improving the digestion, 
although, on the other hand, there is no evidence that it has any 
detrimental effect. The flow of the other digestive juices— the 
paiicruatio juice and the bile - is also stated to lie increased by 
alcohol, and this may lie in part due to some action on the stomach, 
since it is known that an increase of gastric HccTction often leads, 
to augmented activity of the pancreas. As lestcd by experiments 
on dogs, the amount of increased gastric secretion is greatest when ' 
relatively small doses are given, such as jiroduce in the stomach 
a concentration not greater than 10 per cent. Ijirger proportions 
lead to the formation of much mucus, with less total juice. 

As Roberts’s experiments and those of Chittenden show, the 
peptonising power of the gastric juice is not much affected by small 
doses of (plain) alcohol^ but is distinctly retarded by large doses, ^ 
Some authorities have considered that the etfeots on pancreatie 
digestion are more favourable, and even that alcohol accelerates 
the digestion of fats ; but there is evidence to show that as tested 
in vitro the enzymes of the pancreas are yet more fsasceptiUe to 
the action of alcohol than are those of the stomach. In conoetttm* ' 
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tioiw as low as 2 t«» ll p«*r <'pnt alcohol may rt‘taril the diRi'Mtlun of 
albuminaiiN^suh'itaiKrs But 1 n» that a** it muv, t||r |iriilinhilifv 
13 that, in thr or^aiiiMii. alnihol michis tin* iiitcstiiic in hin-li irina 
tivciy rirnnll |»rn|Mirlioiis and in Midi a Inn (l(‘;;rfc nf i'iiiii>i>n1iiitii)ii, 
anil nTiii|tM«t‘r is sn rapiilU absorlhMl tliirc. that it>« .wtinn mi |»in- 
frealic ili^'(|stimi n of t'liiiipaiatiirK small ini|Mtrlan(T 

Attr^anls (he diuiiinm luotimi it is often stated that alinhol 
•“ jiroiiintr**) ifieater aeti\it\ in the miiHiMiiiir lavers of the stmniieli.''' 
and tliiH teivU to aieelenite di);estion It diH‘s not a]i|K‘ni, hou- 
erer, that thin iin leased neti\it\ ran he aeeepted as s.itisfaetoriU 
deiiionstiated and some ohseixeis haie failed to ohtnin aii\ eon 
finiiution of the Ntalerneiit t'ailson - foi iiHtanee. siiu no iMeiense 
of ehuinini: iiio\einenf uhen dihiteil alitthol hiiindx and wiiiiw 
neie introdiKed mit) a mans stoniadi lhront;h a listnl.i , hut on 
the (oiilrarx. the ilivtlimii.d iiioxeineiits and the hmeini; of (he 
imiHeidar <oats, uhidi .iie asMieiatnl with hniiffer, weie airested 
Dos'h of .1(1 |(HI ei of 1(1 pel ii'iil iihohol sulliied to Hta,\ the 
hurii;ei'-eonlr, let ions toi two hmiis, and 2(MI i < ol heei had the 
sanieefTei't for half anlioiii to 'in hour (*Jiitt.4'ndeii.’‘in e\|N‘riiiients 
on do^s, did not lind (h.it the pieseineof ahohol nmleii.iilx lessened 
the limi' duiini; uliidi lood Kiiiaiiiid in the htoniiidi 'I'lii re 
appe.u'H, indeed to he at present no i^ood exideiiee that i^aalrie 
iii'oeinetit is im leased h\ ahohol. nliiUt some Imiiis ol Ntomaeh 
I oioi.ietioii aie I veil aiiested h\ it Moidex aiiil Stni^'e i onsider 
that lessened Mf/caii of the iniisiiilai movements of (Ih* stom.nh i-. 
(I eoTiseipii nee of aholiol depressin^^ the iieiviais svstmii, sime (lie 
nerves vvliieh eoiiliol the miihdes are enleeliled * 
iSiiniltarly, there .semiis at jirew'iil to he no tnistworthv evidein'e 
that moderate doses of aleoliol have nn\ im]Hatuiit elTeit, one vva> 
or the otlifT, upon the pnx'esh of nhsorption of the digested food 
atulTs into (he hhiod In general, it iiiiiv In said that ajairt frmii 
ita taste and its tendenev to inereohc gustrie MaTetiun and mut us, 
alcohol itbC'If, m moderate dobcs, Jiuh not been provixl to iilTi'et tlie 
digeativo orgaiH to any apprcerable degree On the othei hand, 
then' is a eoiisensus of opinion that some of the uleoJiolie beverages 
may lie more deletenous than otherb Bomo vimes, for iiistanee, 
do not " ogH'c ' uith eertain ])«*uple, though other persons eaii take 
them without digest. ve ilhetfcets The extractive iiiiilters- tun- 
nhiH, aeids, sugars, aacl other soltrLs as also the volatile si'iondar} 

• 

> Eiicyrl. lint , nrlicli' ‘ .AIcciliul ” 

\MHcr. J. Phyno ! , 1111.1, 32. • * 

' " Physiological Ai^'cis i«f Liquur PmUein,” 1, 201. liiM(uii, 190.'l • 

^ Alcohol win lliL llUfuaii Uudy.'* p. IM. 
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eonRtitiientfl, namoly, patora, higher nlcohola. aldohydca, and acids, 
have been auggoated as the pfwsililc paiiNPH of disturbed ^digestion 
fn tlicac (‘aa(‘rt , })iit at present there u nr>tliing aetually and definitely 
known about th<! effects prcMliK'cd by thcHc siibataiiceH. 

Action on the respiration.- Aicniiol has long* liam held 

in repute as a n'Hpiratfirv hiiniulant Many observerR have noted 
a Hrnall increase in tlic aetiiitv of the lungs follow'ing upoh the 
adminiRtration of a moderate dose of alcohol, (‘ven when can' hoR* 
been taken to kec]) the Hiibjeet in repose after the dose Not all 
the ex])criinenlers, howi'ver, agree in this conclusion Thus Loew'y' 
gave, R(‘parat<‘ly. doses of Ilo e e and (it) c ( of alcohol to each of 
two Hiihjeets, one hnhitunted to nh'ohol. the other not , but only 
in the ease cjf the latter siilijeet, taking the Inrirer dose, was any 
increased ri'spiratorx aetivitv ileteeted 

Mom modern ri'searehes point in the sa nu* direction They indi- 
cate that ill normal conditions there ih prohablv no stimulant 
effect of any practical im|M)rtnnce prodiircsl on the respiration by 
a mmlcrate (juantity of alcohol 

An outline of a recent reseaieli earned out by lliggms^ may be 
given The nerxous centre govermng the respiration aids normally 
ill response to the Htmiiihiting action of the carbon dioxide in the 
blood, increasing or decreasing the respiratory aetixity in such 
manner as to Keep the proportion ot earhon dioxide ))ra(tically 
constant If alcohol affects the rcspnatorv nervous eentie, in- 
ereasiiig its excitnliility to thi* normal pioportioii of carbon dioxide 
and theretore nugimsitiiig the respiration, the |)ro))oition of thin 
gas in the blood will fall (bit the gasiN ot the blood are in equili* 
hrium with thoM* of the alveolar air ot the lungs, and this air can 
he analysed 11 the analysis shows that the pioportioii of carbon 
dioxide dimiiuslies after alcohol has been taken, the infemnce 
(leaving other factors out of aeeount for the jircsent piirpoRC*) id 
that the alcohol has stimulated the nervous centre and iiiereadcd 
the respiratory activity. 

Higgins eiyicrimeiiled on seven siibjeets, including both ab- 
stainers from and regular users of alcohol Doses of 30 c e. and of 
45 c c. w'cre given, suitably diluted with a llovouring mixture, and 
each experiment was enutroUed hx nnotlier in whicli the subject 
took the same tlavouriiig mixture without the alcohol. The patients 
were kept carefully at re.st, to guanl against production of carbdh 
dioxide through muscular activity. It was found that in some of 
tlio experiments there was, in fact, a small rciluction of carbon 

• » Pflugtf^a Anhv, 1800, 47. 001.' 

- J, Phatm. Expt. Ther., 1917, 9 . 441. 
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dioxide in the alvoolnr air after the alrolii)! had been taken, indi- 
cating a»H]^ht iiKTcnse m the exeitahilit\ of the renyiralory cenfrc. 
Thia effect, hoaever. mbh e<mnterhalancod by a dnniniiihed )>mdii^- 
tion of carbon dioxide b\ the 1 hm1\, so thiit the lU't result on the 
breut}i|pg«iiAs iilinoMt nil The \oluiii(‘ of air breathed imt iiiiniite 
was either^uiirhnngisl or slig]itl\ diiiiiiiiHbi'd 

f#aet]ea]l\, therefore, the effeit of a iiioderiite dosi‘ of alcohol on 
^ the n‘h|>iratioii would n))|ieni to Im‘ trivial “ Thi‘ onl> iin])oilnnt 
effect ot alcohol on respiration is the ]iai ah sis of the rcspiiator\ er litre 
by large <loM‘s, which is the cause of death in (ulcoliola ) poisoning 
Efiect on the circulation. It lias In ch very generally 
Hupposed that alcohol acln as a <>tiniulnnt upon the heart, iiiereasing 
the fn‘(tiienc\ and ])ower of its beat The matter has been nnieh 
debated, and main e\periineiitH hn\e been made with a view to 
Ascertain what the effect of alcohol on the heart beat really la In 
A recent sur\eN of tli«‘ whole (pustioii the eoindiHion arrived at 
iH that ’ It has \et to be proved that the heart-miiHele can be 
atiinulated b\ ah'ohol 

Most ot the observeiH, liowe\ei, agree that an inereaae in the 
pulse rnt(‘ lasting about half an hour follows the taking of a mod- 
erate dose ol ahohol, and there seems to be no doubt tiial thia 
does comnionU ou'ui, although not always In HiggiiiN'M iiiveHti- 
gatioii on the respiratory actnit}, ipioted ubo\e, a nbght (piiekeniiig 
oi the lieait bent was recorded m alaiul one-half ol ih(‘ expcrinienta ; 
no change was detect (*<1 in tin* othei easi’s Ajijtanmily different 
jH'rHona rcai't differently to alcohol, in IbiH respect uh in othera. 
IVobttbly alao the quantity taken ami the degree of dilution have 
Home iiiliuoiice on the result 

There in reason to bclieye, however, that tliiN quickening of tiic 
puUc, where it (Hriirf^, is not in the ninjii du(‘ to ii dtrerf ‘action of 
alcohol on the heait, hiikc most of the ohaervatioiia made on the 
iHolaUMl heart, fnr from neiyoun control hut still beating, have 
ahowii no qiiiekening or stn'iigtlnmiiig of the heat under the iiilluenee 
of alcohol. It has heen suggested that the aeeeleratiiig effect 
noted above is probably an indircet result of aleohol acting on the 
nervouH inhibitory reiitri* which lestraiiiH the heart- beat, and 
weakenmg that reetraint The quickening effect has been obaerved 
when fairly atrong alcohol (5tl ])cr cent ) has been Himply placed 
*in the mouth and le-jected, yiithout being Hwalloived 

A single dose of fairl} strung alcohol, such aa Wndy, may 

• * Loe, ctt., p. 70. • 

^ Alcohol and tHh Cordio VaocuUr System,'’ by D». Hunro and Findlly, 
of Qloiigow Kdyal Inflnnaiy. 
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pnxlucr uMrfiil reflox pffpcte in paws of fuintinf; or synropi', causing 
the heart to l^cat more ra])i(llY Hut uh regardN this it has been 
lA’ged that the mere act of Hwidlowing, even if <he liquid w only 
water, prodiiees a hiinilar reflex action Alcohol i»erliaps arts 
Himply i>y virtue of itM irritant action on the inucous nie^nbrane 
of the mouth nii<l tliroat, imieh in the same way as the fumes of 
ammonia, or of ethiT, or of burnt feathers, will act as an irritant 
or stimulant when inhaled That the elTi'ct is u local and indirect 
one is evidenced by the fact that it uiiiM*ars almost at oiur, before 
there has been time loi any Hicnilirant quantity of alcohol to bo 
absorbed and cairusl to the heart In other eases, Mhere there is 
more jHolrai lcd weakness of the lieait, a beneluial eflect of alcohol 
is attributable to its iiarcutie and sedative action mi the niTVOiis 
ci'iitri's winch alleci the action of the heart 

Alcohol when swallowed ])roduces a p'liei.il relaxation of the 
small arti'ries whu li carry bloisl to tlic skin It thus causes a slight 
general flushing of thu bml} surhiet* It appeals, howe\(‘r, to have 
only a small and not xer\ ileliiiite etleet upon the arterial blood- 
jiresHiin* A small iim* of piessiiie has beim deteited b\ some 
obserxers alter nitiaxemai^ mjeition ot ahohol otlim's haxe noted 
either a slight tall, oi no deliiiite ellei I 

Effect on the body temperature, it has just heen 

noted that alcohol ]U'oduees a lelaxation or dilatation of the blood- 
vessels whieh ramil^v through the skm 'I'he dilatation is due to 
the alcohol eaiismg a slight paruIxHis ot the iicivcs which lontrol 
the size ot the blood vessels, thus allowing them to distend a little 
A eoiisequeiice of tins is that the general liodx temperature is lowered 
Moix' blood reaches the surface of the bodx , and more lieal is radiated 
or eoiidueted awax Aiix teeling of waimth exjieneiieed after 
drinkmg'uleohol is explaiiuxl bx the Jaet that tins flow of blood to 
the surftu'u warms the skin and the ends of the seiisorx nerxi‘s in 
tho skill, and these eonxey to the hiaiii a sensation of warmth 
Hut till' sensation is illusorv , the hislx as a whole has not ri'ally 
beon inadv warmer 

Tho fai't that alcohol actually lowers the temperature of the body 
was tirst aniiouiieed by Sir H Ward Hnliardson in 18(10 to the 
British Association His obM'rvations showed a fall of temjierature 
ranging from three quarters of a degree (F ) to U degrees, the depres- 
sion |X'rsisting not merelx for niiniites or lioursf but even for daysP 
Various observers haxe siiieo found that ordinary quantities of 
alcohol taken as a beverage depn'ss the temperature of tho body, 
usually by less than half a degreo in healthy men ; but largo doses 
may vauso a fall of fivu or six degroes. * 
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Till* ii|orpas4>(l InnH of lioat at tin* iMTiphiTv of tlio IhmIv is thc'rrfpn* 
not (‘ 01)1 |k‘fksa tod hy any inoronwd prodiu lum of lf»‘al iiitornallv 
Thoro IS, in fai'l, no cvulonco to 'iliow lliat iilcoliol Ims an\ sp(‘(‘uil 
offrot in (|jrootlv inoroasiiiK tho iat(‘ of hrat pnalui-tion in (lio liod\ , 
thoufrh indirootly it may do tins to a siniill (‘xlont iminoK. in so 
fa^H It favours niiiM ular nMlossnoss h\ urakoniiift tlio oonlrol 
% oxrroisod by tho brain 

Tlio ])opular belief in aleohnl as Im'iii}; a ffood llnn^ to take in 
ord(‘r to “ keep out tbe eobi does not. tli(‘refore appear to ba\e 
iniuh j list ilb'nt ion Xo iloubt to a iioiinal liealtb> person well 
elad, and (‘xpoM'd to a moderate decree of eold tor itiil\ a sliort. 
]ienod, tlie diMsimfitit of elnlliiie’«s ma\ be alleM.ited b\ a small 
r|uaMtit\ of aleoli'il without iisk oi iniurimc a dancerous fall of 
internal teiiipei.itiiie Itiii to take aholiol in i|mintilN when llie 
4 xposiiie is likelv to be prolonged oi the i old loiisideiable may 
be deeidediv dan^'eMuis, and all the iiittii* mi bei.iiise any m nsatioii 
of warmth which mii\ be prodiieed masks tin* peiM>ption of the 
r(*al elleet, wlia h is a ^'eiKTal looliiu' of the body 

(In the other h.wid ahohol mn> be ol distimt \ahie aftt'r tin* 
bodv lias bieii (hilled b,\ ex|»osuie to (old mk'Ii as an imm(‘rsioii 
in eold watei When the patient has Inm n wiappi'd in hot blankets, 
the adniiiiistiatioii of ahohol is useful, siine tlie Inpiid, l)\ |iiomotiii^ 
the n'turii of hlood to IIk' siiifaie (ini now assist in tin* alisoiption 
of e.xtenial heat and thus hel]) to nstoie the pmeial body tempera- 
tun* 

.Use of alcohol in treatment of fevers. Alcohol iiaa 

hm^' heeii recaided as a \ahialile iem(d\ in typhoid and other 
fevera, partly by reason ol its eooljii^ elfed, but ]Mrliu|).s still more 
bueause it is capable of .seiMug m sume dcffiee as a foodstiilT. rephie- 
infr Htanhea and sugars In fe\(T the hitrlier teiiipeniture of tin* 
body liHH li<*(‘n (onsiden'd to taioiii the oxidation of the aleoliol, 
so that a larger (piantity (an he utilised than could be iiaed up ill 
normal rireumstamc'i Ibirinc its administration, however, the 
offccta miiHi be c.in'fullv w ate lies! to guard against iiijiirinuH action 
onthvnorynoiH s\htrin,yvbi< b max cN’ciirwitbeertaiiielaaM'soT ])atit‘nt 

In modern medical praetne rdeohol is used much more sparingly 
than formerly, even in the tieatmeiit of fevrra K\ideneu of thia 
is found in the decreasing amount of money s|H'rit on alroholic 
stimulants by certain lioMpitala during r(‘i’(Mt yea^n TIuih in 
seven of the large London hospitala the uggicgate exy)(‘ii(iitiJn* on 
alboholic liquids wjis £3,740 during the* xrar lS02 , but in till 2, 
with mon* patients under treatment, it had (leen‘aM’d to £1.238, or 
less than one- third of tho former amount. 
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Vse as antiseptic. -Alcohol at a Htrength of about 10 per 
cent aiul upwatdH actH art a prcHcn'ativc of many oi^anic aubatanceB, 
and ia often arldt^I to medicinal prrparationN, cxtracta, winra, etc , 
to prevent putrefactive deterioration In the absenet* of better 
antiHcptie rtMnt'rhcH it may serve ns a useful a])plieatioii to flounda 
if used somewhat frt‘eU and of not too huv r Htrenf^th ->sny to 
RO ])er ('(‘lit III mtiiiy spirituous liniments the alcohol, apart 
from any purpose whieh it may serve as solvent or antist‘ptie, haa 
a mild efFi'cl as a counter-irritant, sint'e when w'ell rubbed into the 
akin it dilates the bloiHl-vessc'ls Whi‘ii. on the other hand, it is 
used ns a lotion merely to bathe the surface of the skin, and allowed 
to evaporate, it prodm es a cooling etfeei and dimmishi's the niuount 
of sweat exereted lienee its use, iii the form of Knu de Cologne, 
Florida water, lavender water, and so on. to soothe ( ertain forms of 
headache 

Strong alcohol nhsorhs water Irotii nnininl and vegetable tissues, 
thendiy hardening them , it is therefoie employed for dehxdrating 
histological speemieiis preparntoi \ to cutting seel ions theiefrom for 
niieroseopieal examination 

Airording to I{us,m> 11 and Ihiddiii,' neither ini‘tli,\l alcohol nor 
oth.\l nleohn] is iieailv so enee(i\e in sterilising soil as might be 
supposed, the mmiiiium e{b‘e1i\e do.ses hemg, respecliielv 112 and 
4 G |M*r eeiii of the weight ot the soil 

A lh\\('r^ has toimd that alcohol ol 70 per leiit stieiigth liy 
weight (70 0 by volume) is imm* elTeetive ns a baeieneide than 
alcohol of any iither strength At ahovi’ 80 jht cent (hy weight) 
it is almost useless as a disiiifeetaiit. smee stioiig alcohol pri'serves 
bacteria hy drving them Kven alssoliite alcohol does not kill dry 
baeteriA 'riie addition of ehlorotoim. idlier, hi'U/eiK', acetone, 
glyeenne, earhoii disulphide, or ]M'troleiiiii ether, does not increase 
the haetcrieidal power of alcohol , but Fan de Cologne a spirituous 
solution of perfume oils -has a more jiowerfiil disiiiteetniit action 
than plain alcohol Cumslis'k. howi'ver. has investigated the 
gi'rniicidal action of alcohol on the organisnis Bttallw suhtihs, 
B. aa/ArdciA, B coli communin, and Strcptncijrrnft pyogenes aureus^ 
and eoiicludes that it has but little value as an antiseptic against 
these luiero-orgiiiiisins, whether the stn'iigth is i)5 per eent. or 70 
per cent.* 

■ J Hoc. Chtuft but., IU13, 80. 113H. 

» Chm. AM., 101.% 9 . L'oei. 


' Apolh, Zett , 1012, E7. 20 
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ADDKNDUM 

Alrnhnl (fs \fnttn Fm! \ii w.h 

111 (Ktiilifi PMs Id loiisiiiri n'latin^ to llw 

sii|)()ly oi ail oliol iN hi.uiiiI.m tint' <o<«t ini'llunl of ilriiatiiriiii!. iiiiii 
Miilal)ilit\ fill iiM' III iiiti iii.il i(»iii)iii>U(>n I iiuiiu'" ' 'I'lii i(‘|ioi( dl 
fills Cniiiinitti'i' .'i|i|NMfi (i \\iiiis| lilt iiir'M'nt vtiiiiini' was in liir 
liiial stages <if |iniiliiiL' Soiiit nl lin* riiiri i oin iu^iiiii'« aic iiitiic atcii 
Iii'r4‘iiiui( I 

'I'iir Cnininittrt Kinoxii'i liiat .nlioii siimiiti Ik> t.iKrii tn cnsiiri' 
cioM' lllir'.liuatinii (if tin* ijiii h(iii||<, nt piiNiiii tinil .iliii 111 lilsalKiii, 
III aii (Ill'll III .1111 iu'< <i| alMilidl fill piiMii ami 1 1ll! linn p(npnM'^ 

\ lai^i'M.iii' piaitxiil Inal, cMi'iniin^ n\i‘i a prnnd nl ulMMit 
2 (i uccks, oi alMiiml iicii/nl and alMiinil iicn/nl pctinl iin\liiii‘s in 
.1 oiii|il<t 4 ' licit nl Lnndmi inntnr-mninliUM''^, luniniit! uiidci daily 
SCI Ml c < niidit inns, was .11 landed tni l»\ tin t’niiiniiKi c \nc\p(ii 
nicnlal icsc.inh for (lie piiipnsi nf nlitaiinii'' at i urate iliil.i .is (n 
Jlic cniiiliiistinii nf \aiiiMis inixtiiicN was alsn iiistitNlcd Ncillnr 
nl these iiiMstii'atinii'-, hnwe\ei. had liien innipleted when the 
report was piiiilished 

A.s ^e^uIds suppK, (heie aie within the Hiitish Kinpiie \ast 
existing; and pinspei ti\e snjiees of .ih nhni finm \e^etalile pindiiets 
For example, cMihiiee wtis leeeneil (niKciinn^ prndmtinn, ('n,sts 
and yield nf '|inwer ahohnl from tin linwers nf the Mahini tree 
{Bfuifiia hiif(ilui) whnli il(al^l^lles in the DeHiin and the (Vntial 
Frovinech nf India 1’he aun-dried llnwers nf Ihi- tree eontain 
Gtl ]H.‘r rent nf ferment a hie siiffurs. and ,Meld, ]M>r torn ahoiit !HI 
galinna of !)."» |K'r lent ahnhol Thl‘^ can hi* pressed, paekefi, 
exiKirted, and aton'd for Iniiff |h‘ii(mN without ileterinrulinn. 

The prnH|M‘etne prndintinn of nh'nhnl from niaira* and other 
ren^ala in the fiverseas DoiniiiHinh and other parl.s nf tin' Kinpire 
ii eonaidered to he ' eneniini^iiifC. Imth an re^nrds'ijiiantities arid 
»<*ns , ’ 


]lo|iortCmd SIN, 1010 
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ADDENDUM 


' No mtififactory method for utilising peat as an economic source 
of power alcohol ” was brought to the notice of the (^oiiinittc^f 
b||t the iKiten^al value r»f peat ah a raw inutiTial for t(ie piirpoHC 
should not he overlooked 

In the [United Kingd(»in the pnMluetion of j)o\\er Aleahtj on a 
eommereiai Imnin from Hiieh artieles ah iMitatoes nrtiehok(‘s, sugar 
lN‘et, and mangolds dfK‘s not iip]N‘ar prnetii-nhle e\eept under sdrne 
HVHtein of State Huh\(‘ntion So far as \egetnl)lr sourees f)f rnw' 
material are eoneerned, the eonelusiori is that we must ndy mainly 
or enlirelx on inereased pnalucdion in tropieal and sidi-tropienl 
eouiitries 

Synth(‘tie production in coiwiderahle quantities howc\er. es|M'ei- 
ally fnnn eoid and eoke-o\en gases, is regardi'd as promising The 
e\idence as to the suithetie conxeisioii of etiixlene into alcohol 
indicates that this gas is a large iMitcntial source oi ]H)\\cr alcohol 
in (Jreat Hntain , hut tuither imestigalions arc ncccssarx Iwtore 
detinite iigiires ns to ([iiuntities and ]irice can lie given 

The Committee siiggi-st that the cost oi dcnatuimg powci aliohol 
might he diminished l>y lowering the pro|Miilion of wood-naphtha 
At pn’seiil einploved, the diflerenee hemg made up wliollv or 
partially, h} ])etrol, lien'/ol, or other nausiMais Mihstain v I nqiroved 
faeilities for importation and distrihution of power alcohol arc a'so 
reeominendeil 
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